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DESCRIPTION 
TIRE-STATE OBTAINING APPARATUS 

5 TECHNICAL FIELD 

. The present invention relates to a tire- state 
obtaining apparatus which includes wheel-side devices 
respectively provided on a plurality of wheels of a vehicle and a 
body-side device disposed on a body of the vehicle, and which is 

10 arranged to obtain the states of tires of the wheels on the basis of 
information transmitted from the above-indicated wheel-side 
devices. 

BACKGROUND ART 

JP-A- 10- 104103 discloses an example of the 

15 tire-state obtaining apparatus described above. In this 
tire-state obtaining apparatus, each of the wheel-side devices 
includes (a) a tire-state detecting device operable to detect the 
state of the corresponding tire, and (b) a transmitter device 
operable to transmit a series of tire information including 

20 tire -state information indicative of the tire state detected by the 
tire -state detecting device, while the body- side device includes (c) 
a receiver device including a plurality of antennas disposed near 
the respective wheels, and (d) a wheel-position- data obtaining 
device operable to obtain wheel-position data indicative of the 

25 position of each wheel whose tire information has been received 
by the receiver device, such that the wheel-position data are 
obtained on the basis of intensities of reception of the tire 
information as received by the receiver device. 

30 DISCLOSURE OF THE INVENTION 

It is an object of the present invention to improve a 
conventional tire-state obtaining apparatus, for example, to 
reduce a cost of manufacture of the tire-state obtaining 
apparatus, and/or improve the accuracy of reception of 
35 information relating to the positions of the wheels. 

This object may be achieved according to any one of 
the following modes of the present invention in the form of a 
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tire-state obtaining apparatus. Each of these modes is 
numbered like the appended claims and depends from the other 
mode or modes, where appropriate, for easier understanding of 
the technical features disclosed in the present specification. It is 
to be understood that the present invention is not limited to the 
technical features or any combinations thereof which will be 
described. It is to be further understood that a plurality of 
elements or features included in any one of the following modes 
of the invention are not necessarily provided all together, and 
that the invention may be embodied with selected at least one of 
the elements or features described with respect to the same 
mode. 

(l) A tire -state obtaining apparatus including a plurality of 
wheel-side devices respectively provided oh a plurality of wheels 
of a vehicle, and a body- side device disposed on a body of the 
vehicle, the tire-state obtaining apparatus obtaining states of 
tires of the wheels on the basis of information transmitted from 
the wheel-side devices, characterized in that: 

each of the plurality of wheel-side devices includes (a) a 
tire -state detecting device operable to detect the state of the tire 
of the corresponding wheel, and (b) a transmitter device operable 
to transmit a series of tire information including tire -state data 
indicative of the state of the tire detected by the tire- state 
detecting device," and 

the body-side device includes (c) at least one receiver 
device each provided commonly for at least two of the transmitter 
devices of the plurality of wheel-side devices and operable to 
receive sets of the tire information transmitted from the at least 
two transmitter devices, and (d) a wheel-position-related- data 
obtaining device operable to obtain wheel-position-related data 
relating to positions of the wheels, on the basis of conditions in 
which the at least one receiver device receives the sets of tire 
information transmitted from the transmitter devices. 

In the tire- state obtaining apparatus according to 
the above mode (l) of this invention, the wheel-position-related 
data relating to the positions of the wheels provided with the 
transmitter devices from which the sets of tire information have 
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been transmitted are obtained by the wheel-position-related-data 
obtaining device, on the basis of the conditions in which the sets 
of tire information have been received by the at least one receiver 
device. 

Each receiver device is provided commonly for at 
least two of the wheels of the vehicle. That is, only one receiver 
device may be provided commonly for all of the wheels provided 
on the vehicle, or two or more receiver devices may be provided 
such that those receiver devices include a receiver device 
provided commonly for selected ones of the vehicle wheels. For 
example, one receiver device is provided commonly for the front 
right and left wheels while another receiver device is provided 
commonly for the rear right and left wheels. Alternatively, one 
receiver device is provided commonly for the front and rear right 
wheels while another receiver device is provided commonly for 
the front and rear left wheels. For example, each receiver device 
is arranged to include at least one receiver antenna and a 
reception processing portion operable to process the tire 
information received by each receiver antenna. In this case, a 
receiver antenna is provided for each of the wheels, or 
alternatively one receiver antenna is provided commonly for two 
or more wheels of the wheels provided on the vehicle. In any 
case, the receiver antennas are not disposed on respective, 
portions of the vehicle body which are located near the respective 
wheels. Namely, even where the receiver antennas are provided 
for the respective wheels, each receiver antenna is not intended 
to receive the tire information transmitted from only the 
corresponding wheel, but is provided so as to receive the tire 
information transmitted from the other wheels as well as the 
corresponding wheel. Thus, each receiver antenna is located to 
receive the tire information from a plurality of wheels. In the 
conventional tire-state obtaining apparatus, on the other hand, 
the receiver antennas are provided for the respective wheels such 
that each receiver antenna is disposed on a portion of the vehicle 
body which is located near the corresponding wheel. Accordingly, 
the conventional tire-state obtaining apparatus requires signal 
lines connecting the respective receiver antennas and the 
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reception processing portion, so that the number of the signal 
lines is equal to the number of the wheels. In addition, each 
signal line tends to have a relatively large length, leading to an 
increased cost of manufacture of the tire-state obtaining 
5 apparatus. To the contrary, the tire -state obtaining apparatus 
according to the above mode (l) permits reduction of the number 
of the signal lines connecting the receiver antenna or antennas 
and the reception processing portion, and/or reduction of the 
required length of the signal lines, resulting in significant 
10 reduction of the cost of manufacture of the tire-state obtaining 
apparatus. 

In the present tire-state obtaining apparatus, each 
receiver device and the reception processing portion may be 
located considerably close to each other, for example, may be 

15 accommodated within a single housing according to one form of 
the receiver device. 

The conditions in which each receiver device 
receives the sets of tire information from the two or more 
transmitter devices include an intensity of reception of the tire 

20 information by the receiver device, and a ratio of reception of the 
tire information by the receiver device. The condition in which 
each receiver device receives the tire information from a given 
transmitter device is influenced by the operating state of the 
receiver device, for example, by the reception sensitivity, an 

25 amplifying gain of an amplifier if provided in the receiver device, 
and a direction of orientation of the corresponding receiver 
antenna. Accordingly, the condition of reception of the tire 
information by the receiver device is preferably evaluated by 
taking account of the operating state of the receiver device. 

30 The wheel-position-related data includes data 

directly indicative of the positions of the wheels, or data which 
makes it possible to determine the positions of the wheels. The 
position of each wheel may be an absolute or a relative position of 
each wheel. The absolute position may be defined in a 

35 coordinate system, while the relative position may be a position 
of each wheel relative to selected portions of the vehicle body, 
such as- front and rear portions; right and left portions; and front 
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right, front left, rear right and rear left portions. Since the 
wheels are installed at the respective predetermined positions of 
the vehicle body, the absolute positions of the wheels can be 
determined by the relative positions of the wheels, once the 
relative positions are determined. 

The position of the wheel from which the tire 
information has been transmitted from the transmitter device is 
determined on the basis of at least one of an angle of the wheel 
with respect to a reference line of the receiver device, and a 
distance of the wheel from the receiver device. Alternatively, 
the position of the wheel from which the tire information has 
been transmitted can be determined on the basis of the relative 
positions of the transmitter devices of the wheels. For example, 
it is possible to detect one of the transmitter devices which is 
spaced from the receiver device by the largest distance, or one of 
the transmitter devices whose angle with respect to the reference 
line of the receiver device is the largest. The position of the 
wheel corresponding to the thus detected transmitter device can 
be determined. 

The intensity of reception of the tire information by 
the receiver device decreases with an increase in a distance 
between the receiver device and the corresponding transmitter 
device. Further, the intensity of reception of the tire 
information by the receiver device is higher when the direction of 
orientation of the receiver antenna of the receiver device (the 
direction in which the receiver antenna has the highest degree of 
directivity) is coincident with the direction in which the tire 
information is transmitted from the transmitter device, than 
when the direction of orientation of the receiver antenna is not 
coincident with the direction of transmission of the tire 
information from the transmitter device. Further, the ratio of 
reception of the tire information by the receiver device increases 
with the intensity of reception of the tire reception. The ratio of 
reception is a value obtained by dividing the number of 
operations of the transmitter device which resulted in the 
reception of the transmitted tire information by the receiver 
device, by the total number of operations of the transmitter 
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device. Thus, the positions of the wheels from which the 
respective sets of tire information have been transmitted can be 
determined on the basis of the intensity of reception of the tire 
information by the receiver device, and/or the ratio of reception of 
5 the tire information by the receiver device. 

The vehicle may be provided with a non-installed 
wheel (spare tire) which is not rotatably mounted on the vehicle 
body. In this case, the absolute or relative position of this 
non-installed wheel can be obtained by the 

10 wheel-position-related-data obtaining device. Where the 
non-installed wheel is disposed at a predetermined position of the 
vehicle body, the position of the non-installed wheel can be 
determined once it is determined that the wheel from which the 
tire information has been transmitted is the non-installed wheel. 

15 In this respect, information that the tire information has been 
transmitted from the non-installed wheel can be considered to be 
one form of the wheel-position-related data. 

The wheel-position-related-data obtaining device 
need not be arranged to obtain the wheel-position-related data 

20 for all of the wheels provided on the vehicle, but may be arranged 
to obtain the wheel-position-related data for a selected one or 
ones of the vehicle wheels. 

(2) A tire-state obtaining apparatus according to the above 
mode (l), wherein the tire information includes identification 

25 data identifying the wheel corresponding to the transmitter 
device from which the tire information has been transmitted, and 
the wheel-position-related-data obtaining device includes a 
wheel-position-related data memory portion for storing the 
identification data included in the tire information and the 

30 wheel-position-related data relating to the position of the wheel 
corresponding to the transmitter device from which the tire 
information has been transmitted, such that the identification 
data and the wheel-position-related data are correlated with each 
other. 

35 In the tire- state obtaining apparatus according to 

the above mode (2), the wheel-position-related-data memory 
portion is provided to store a combination of the identification 
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data and the wheel-position-related data in relation to each other. 
When the tire information is transmitted from the transmitter 
device of a given wheel, the position of that wheel from which the 
tire information has been transmitted can be determined on the 
basis of the identification data included in the received tire 
information and the wheel-position-related data. 

Where the tire of a given wheel is in ara abnormal 
state, for example, the position of this wheel whose tire is 
abnormal can be determined. 

(3) A tire-state obtaining apparatus according to the above 
mode (l) or (2), wherein the wheel-position-related- data 
obtaining device obtains the wheel-position-related data on the 
basis of the conditions in which the at least one receiver device 
receives the sets of tire information and rotating states of the 
wheels. 

While the vehicle is running, the relative position 
between the transmitter device provided on each wheel and the 
receiver device provided on the vehicle body periodically varies 
during rotation of the wheel. Namely, the intensity of reception 
of the tire information by the receiver device becomes highest 
when the distance between the receiver device and the 
transmitter device is the smallest, and becomes lowest when the 
distance is the largest. The rotating state of the wheel includes 
a rotating speed of the wheel, and an acceleration value of the 
wheel (a derivative of the rotating speed). In view of the above, 
it is reasonable to evaluate the condition of reception of the tire 
information on the basis of the rotating state of the wheel. If 
the condition of reception of the tire information does not vary 
during running of the vehicle, it is possible to determine that the 
wheel from which the tire information has been transmitted is 
the non-installed wheel. 

It is noted that the wheel-position-related data may 
be obtained while the wheels are not rotating. In this case, it is 
not necessary to take account of a change in the condition of 
reception of the tire information due to rotation of the wheels. 

(4) A tire-state obtaining apparatus according to any one of 
the above modes (l)-(3), wherein the transmitter device 
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transmits the tire information for a length of time required for at 
least one full rotation of the corresponding wheel, and the 
wheel-position-related-data obtaining device obtains the 
wheel-position-related data on the basis of the condition in which 
the at least one receiver device receives the tire information 
transmitted from the transmitter device for the above -indicated 
length of time. ^ » v 

In the tire- state obtaining apparatus according to 
the above mode (4), the transmitter device of each wheel is 
arranged to continue transmitting the tire information for at 
least a time required for one full rotation of the wheel at a 
normal speed. 

While the wheel is rotating, the distance between 
the receiver device and the transmitter device is determined by 
the distance between the receiver device and the wheel (the 
position of the wheel) and the angular position of the wheel, as 
indicated above. Accordingly, the condition of reception of the 
tire information (e.g., an average value of the intensity of 
reception of the tire information) which depends upon the 
distance between the receiver device and the wheel can be 
obtained on the basis of the tire information transmitted for the 
length of time required for at least one full rotation of the wheel. 

Accordingly, the wheel-position-related data relating 
the position of the wheel can be obtained on the basis of a 
distribution (largest and smallest values, and an amount of. 
change) of the intensity of reception of the tire information 
during one full rotation of the wheel, an average value of the 
intensity of reception, or a ratio of the time during which the 
reception intensity is higher than a predetermined threshold, for 
instance. 

Further, the condition of reception of the tire 
information can be evaluated on the basis of the ratio of reception 
of the tire information, rather than the intensity of reception of 
the tire information. The condition of reception of the tire 
information transmitted from the non-installed wheel (spare 
wheel) does not change during rotation of this wheel, since the 
wheel is not rotated. Therefore, the wheel from which the tire 
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information has been transmitted can be determined as the 
non-installed wheel when the condition of reception of the tire 
information does not change during rotation of the wheel. 

(5) A tire- state obtaining apparatus according to any one of 
5 the above modes (l)-(4), wherein each of the at least one receiver 
device includes at least one receiver antenna, and the body-side 
device further includes an antenna-moving device operable to 
move at least one of the above-indicated at least one receiver 
antenna. 

10 Each receiver device may include one receiver 

antenna, or two or more receiver antennas. Where the receiver 
device includes two or more receiver antennas, the 
antenna-moving device may be an antenna-orientation adjusting 
device arranged to adjust the direction of orientation of each of a 

15 selected at least one of the two or more receiver antennas, or the 
directions of orientation of all of the receiver antennas. The 
antenna-orientation adjusting device may include a common 
mechanism for adjusting the directions of orientation of two or 
more receiver antennas, or a plurality of mechanisms for 

20 adjusting the directions of orientation of the receiver antennas 
independently of each other. 

The antenna-moving device includes at least one of 
(a) antenna moving means operable to move at least one receiver 
antenna, and (b) an antenna rotating device operable to rotate 

25 the at least one receiver antenna. The antenna moving means 
may be arranged to move the at least one receiver antenna along 
a straight line or a curved line. By moving or rotating the 
receiver antenna per se, the relative positions between the 
receiver antenna and the two or more transmitter devices can be 

30 changed. For example, the direction of orientation of the 
receiver antenna can be changed with respect to the two or more 
transmitter devices. In this sense, the antenna-moving device 
may be referred to as a relative -position changing device for 
changing the relative position between the receiver antenna and 

35 at least one transmitter device. 

When the direction of orientation of the receiver 
antenna is coincident with the direction in which the tire 
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information is transmitted, for example, the receiver antenna has 
the highest degree of intensity of reception of the tire information. 
Where the tire information is transmitted from one transmitter 
device, it is possible to confirm that the transmitter device is 
located on a straight line coincident with the direction of 
orientation of the receiver antenna, when the receiver, jievice has 
the highest degree of intensity of reception of the tire information 
while the receiver antenna is moved or rotated by the 
antenna-moving device. 

Each receiver antenna may take the form of a rod, a 
coil or a planar body. However, the receiver antenna preferably 
has a relatively high degree of directivity. 

(6) A tire-state obtaining apparatus according to any one of 
the above modes (l)-(5), wherein each of the above-indicated at 
least one receiver device includes one receiver antenna, and the 
body-side device further includes an antenna-moving device 
operable to move the above-indicated one receiver antenna. 

(7) A tire-state obtaining apparatus according to the above 
mode (5) or (6), wherein the antenna-moving device includes a 
relative -position changing device operable to change a relative 
position between the receiver antenna and each of said at least 
two of the transmitter devices, and a changing- device control 
portion operable to control the relative-position changing device. 

The relative -position changing device includes a 
drive source (e.g., an electric motor) for moving or rotating the 
receiver antenna. As described below, the relative -position 
changing device is controlled by the changing- device control 
portion, on the basis of the rotating state of the wheel or wheels 
and the condition in which the wheel-position-related data are 
obtained by the wheel-position-related-data obtaining device. 
The changing- device control portion may be included in the 
wheel-position-related-data obtaining device. 

(8) A tire-state obtaining apparatus according to any one of 
the above modes (5)-(7), wherein the antenna-moving device 
includes a moving-state changing portion operable to change a 
state of movement of the receiver antenna, on the basis of 
rotating states of the wheels. 
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As described above, the condition of reception of the 
tire information by the receiver device varies during rotation of 
the wheels, so that the condition of reception is preferably 
obtained for the length of time required for one full rotation of 
the wheels. 

The receiver antenna is desirably positioned in a 
suitable area or angular range which permits good reception of 
the tire information transmitted from the transmitter devices 
during one rotation of the corresponding wheels. To increase the 
opportunity of reception of the tire information by the receiver 
antenna from the transmitter devices of the two or more wheels, 
the receiver antenna is desirably moved or rotated at a relatively 
high speed. To meet both of these two desires or requirements, 
the relative position between the receiver antenna and the 
transmitter devices is preferably changed at a speed which 
increases with an increase in the rotating speed of the wheels. 
That is, it is preferable to reduce the moving or rotating speed of 
the receiver antenna as the rotating speed of the wheels is 
lowered. As an alternative means for meeting both of the 
above -indicted two requirements, it is possible to intermittently 
move or rotate the receiver antenna such that the receiver 
antenna is held stationary for a predetermined time at stop 
positions at which the direction of orientation of the receiver 
antenna is coincident with the directions of transmission of the 
tire information from the transmitter devices, and is moved or 
rotated at a relatively high speed between the stop positions. 

(9) A tire-state obtaining apparatus according to the above 
modes (5)-(8), wherein the antenna- moving device includes a 
moving-state changing portion operable to change a state of 
movement of the receiver antenna, when the 
wheel-position-related-data obtaining device fails to obtain the 
wheel-position related data of at least one of the wheels which 
corresponds to at least one of the above-indicated at least two of 
the transmitter devices. 

(10) A tire-state obtaining apparatus according to any one 
of the above mode (8) or (9), wherein the adjusting-state changing 
portion is operable to change at least one of a speed and a 
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manner of changing a relative position between the receiver 
antenna and each of the above-indicated at least two of the 
transmitter devices. 

The manner of changing the relative position 
between the receiver device and the transmitter device may be 
changed by selectively effecting a continuous . change and an 
intermittent change of the relative position. In the continuous 
or intermittent change, the speed at which the relative position is 
changed may be either constant or variable. 

The relative position between the receiver device 
and the transmitter device may be changed at a higher speed 
when the rotating speed of the wheels is relatively high than 
when the rotating speed is relatively low. For example, the 
speed of changing the relative position is increased in proportion 
to the rotating speed of the wheels. Further, the speed of 
changing the relative position may be reduced, or the receiver 
antenna may be held stationary for a predetermined time at a 
position at which the direction of orientation of the receiver 
antenna is coincident with the direction of transmission of the 
tire information, when the speed of changing the relative position 
with respect to the rotating speed of the wheels is so high that 
the wheel-position-related-data obtaining device cannot obtain an 
entirety of the wheel-position-related data, or cannot obtain the 
wheel-position-related data in a satisfactory manner. By thus 
changing the speed of changing the relative position or holding 
the receiver antenna stationary at a suitable position, the 
wheel-position-related-data obtaining device is enabled to obtain 
the wheel-position-related data in a satisfactory manner. 

The speed of changing the relative position between 
the receiver antenna and the transmitter device, and/or the 
manner of changing the relative position may be changed on a 
regular basis, or only when a predetermined condition is satisfied, 
for instance, when the wheel-position-related-data obtaining 
device fails to obtain the wheel-position-related data, as indicated 
above. 

(ll) A tire-state obtaining apparatus according to any one 
of the above modes (l)-(4), wherein at least one of the 
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above-indicated at least one receiver device includes a plurality 
of receiver antennas, and the body-side device includes a 
receiver-antenna selecting device operable to select one of the 
plurality of receiver antennas, and a selected-antenna-dependent 
wheel-position-related-data obtaining portion operable to obtain 
the wheel-position-related data on the basis ^of a condition in 
which the receiver antenna selected by the ; receiver-antenna 
selecting device receives the tire information. 

(12) A tire-state obtaining apparatus according to the 
above mode (11), wherein the plurality of receiver antenna are 
provided for the above-indicated at least two of the transmitter 
devices, respectively. 

In the tire-state obtaining apparatus according to 
the above mode (12), one of the plurality of receiver antennas is 
selected, and the wheel-position-related data are obtained on the 
basis of the condition of reception of the tire information by the 
selected receiver antenna. Further, the receiver antennas are 
provided for the respective transmitter devices. The plurality of 
receiver antennas are preferably oriented such that the 
directions of orientation of the receiver antennas are coincident 
with the directions of transmission of the tire information from 
the respective transmitter devices. This arrangement permits 
the selected receiver antenna to receive the tire information with 
the highest degree of intensity. 

The receiver-antenna selecting device may employ 
technical features of the antenna-orientation adjusting device 
described above. For instance, the receiver-antenna selecting 
device may be arranged to select one of the receiver antennas, 
according to the rotating state of the wheels, or the manner of 
selecting the receiver antenna may be changed depending upon 
the rotating state of the wheels. 

(13) A tire-state obtaining apparatus according to the 
above mode (ll) or (12), wherein the receiver- antenna selecting 
device includes a highest-reception-intensity- antenna selecting 
portion operable to select one of the plurality of receiver 
antennas which has a highest intensity of reception of the tire 
information. 
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Where the wheel-position-related data are obtained 
on the basis of the intensity of reception of the tire information 
by the receiver device, the wheel-position-related data can be 
obtained with a higher degree of accuracy on the basis of the tire 
information which has been received with a relatively high 
degree of intensity, than the tire information- received with a 
relatively : low degree of intensity. Where the plurality of 
receiver antennas are provided for the respective wheels, the 
wheel corresponding to the receiver antenna which has the 
highest intensity of reception of the tire information can be 
determined as the wheel from which the tire information has 
been transmitted. 

(14) A tire-state obtaining apparatus according to any one 
of the above modes (l)-(4), wherein at least one of the 
above-indicated at least one receiver device includes a plurality 
of receiver antennas provided for the above -indicated at least two 
of the transmitter devices, respectively, and the body-side device 
includes a highest-reception-intensity-antenna selecting portion 
operable to select one of the plurality of receiver antennas which 
has a highest intensity of reception of the tire information. 

The wheel corresponding to the receiver antenna 
which has the highest intensity of reception of the tire 
information can be considered to be the wheel from which the tire 
information has been transmitted. Therefore, by identifying the 
receiver antenna having the highest intensity of reception of the 
tire information, it is possible to determine the wheel from which 
the tire information has been transmitted. 

(15) A tire -state obtaining apparatus according to any one 
of the above modes (l)-(l4), wherein at least one of the 
above-indicated at least one receiver device includes one receiver 
antenna which has different positional relationships with the at 
least two wheels provided with the above-indicated at least two 
of the transmitter devices, respectively. 

Where the receiver device is located so as to have 
different positional relationships with the wheels, the intensity of 
reception of the tire information by the receiver device can be 
used to obtain the wheel-position-related data relating to the 
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wheels provided with the transmitter devices. The positional 
relationships of the receiver device with the transmitter devices 
are preferably defined or obtained by the position of the receiver 
device and the axes of rotation of the wheels, since the 
5 transmitter devices are rotated about the axes of rotation of the 
corresponding wheels. 0 t 

/The, r positional relationships of the receiver device 
with the transmitter devices may be represented by at least one 
of distances between the receiver device and the axes of rotation 

10 of the wheels, and angles of the wheels with respect to the 
reference lines of the receiver device. The receiver device has 
different positional relationships with the transmitter devices, if 
the transmitter devices have different values of the 
above-indicated distances and/or the above-indicated angles. 

15 Electromagnetic-wave shielding members arranged to absorb or 
attenuate electromagnetic waves may be interposed between the 
receiver device and the wheels (transmitter devices). Since the 
electromagnetic-wave shielding members may reduce the 
intensity of electromagnetic signal waves of the tire information 

20 transmitted from the transmitter devices, the distances between 
the receiver device and the wheels (transmitter devices) are 
preferably obtained by taking account of the reduction of the 
intensity of the tire information by the electromagnetic-wave 
shielding members. Where the receiver device, is disposed 

25 intermediate between the two wheels, for instance, the receiver 
device has the same distance with respect to the two wheels. 
Where an electromagnetic-wave shielding member is interposed 
between the receiver device and one of those two wheels, the 
receiver device has a larger apparent distance with respect to 

30 that one wheel than to the other wheel. Where the receiver 
device includes a receiver antenna having a relatively high 
degree of directivity, the reference line of the receiver device may 
be considered to be coincident with a straight line extending in 
the direction in which the receiver antenna has the highest 

35 degree of directivity. Where the receiver device has different 
angels of its reference line with respect to the different wheels, 
the receiver device has different intensities of reception of 
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respective sets of the tire information which are transmitted from 
the different wheels (transmitter devices) in the same condition. 

(16) A tire-state obtaining apparatus according to any one 
of the above modes (l)-(5) and (7)-(l5), wherein at least one of the 
above-indicated at least one receiver device includes a plurality 
of receiver antennas and a tire -information processing portion 
operable to process sets of the tire information received by the 
plurality of receiver antennas, and at least one of the plurality of 
antennas includes at least one common antenna connected to 
both of the tire -information processing portion and another 
processing portion which is operable to process information 
different from the tire information. . 

Where the wheel-position-related data are obtained 
on the basis of the condition of reception of the receiver antenna 
of the tire information, the receiver device may utilize an 
antenna or antennas provided for receiving information other 
than the tire information. Usually, the vehicle is provided with 
various antennas such as a vehicle navigator antenna, a 
broadcasting reception antenna, an electronic-key antenna, a 
cruising control antenna, and a roadway-surface-condition 
detecting antenna. By utilizing such antennas for the receiver 
device of the tire-state obtaining apparatus, the number of the 
receiver antennas exclusively used for the apparatus can be 
reduced, and the cost of manufacture of the apparatus can be 
accordingly reduce. 

(17) A tire-state obtaining apparatus according to any one 
of the above-modes (l)-(l6), wherein the 
wheel-position-related-data obtaining device is operable to obtain 
the wheel-position-related data in a selected one of different 
operation modes, and includes an operation- mode changing 
portion which is operable, when the wheel-position-related-data 
obtaining device fails to obtain the wheel-position-related data 
for at least one of the wheels in one of the different operation 
modes, to change the above -indicated one mode to another mode. 

(18) A tire-state obtaining apparatus according to the 
above mode (17), wherein the operation- mode changing device 
includes at least one of a sampling-number changing portion 
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operable to change a number of samples of the tire information to 
be received by at least one of the above-indicated at least one 
receiver- device,* a threshold changing portion operable to change 
threshold values used to obtain the wheel-position-related data,* a 
selected-wheel-data obtaining portion operable to obtain the 
wheel-position-related data for selected at least one of the 
wheels," an inhibiting portion operable 'to H inhibit the 
wheel-position-related-data obtaining device from obtaining the 
wheel-position-related data,* an amplifier-gain changing portion 
operable to change an amplifying gain of an amplifier included in 
at least one of the above-indicated at least one receiver device; an 
antenna adjusting portion operable to adjust at least one receiver 
antenna included in at least one of the above-indicated at least 
one receiver device; a reception- sensitivity changing portion 
operable to change a reception sensitivity of each of the 
above-indicated at least one receiver device; and a filtering-mode 
changing portion operable to change a mode of operation of a 
filter included in at least one of the above-indicated at least one 
receiver device. 

The tire-state obtaining apparatus according to the 
above mode (18) is arranged such that when the 
wheel-position-related data cannot be obtained by the 
wheel-position-related-data obtaining device for any one of the 
wheels, at least one of the operation mode of the 
wheel-position-related-data obtaining device and the operating 
state of the receiver device is changed to permit the 
wheel-position-related-data obtaining device to obtain the 
wheel-position-related data. By changing the operating state of 
the receiver device, the output signal of the receiver device is 
changed, namely, the condition of reception of the tire 
information by the receiver device can be changed. 

Where the wheel-position-related data are obtained 
on the basis of an average value of the intensity of reception of 
the tire information by the receiver device, or on the basis of an 
amount of change of the reception intensity (highest and lowest 
values of the reception intensity), the threshold value or values of 
the above-indicated average value or amount of change of the 
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reception intensity is/are changed to change the operation mode 
of the wheel-position-related- data obtaining device. Even when 
the reception intensity of the tire information is relatively low, 
the wheel-position-related data can be obtained by reducing the 
threshold value or values. Further, the apparent ratio of 
reception of the tire information by the receiver device can be 
increased by increasing the number of samples of the tire 
information to be received by the receiver device, since an 
increase in the number of the samples increases an opportunity 
of the receiver device to be able to receive the tire information. 
Where the wheel-position-related-data obtaining device is 
arranged to obtain the wheel-position-related data for all of the 
wheels, the wheel-position-related-data obtaining device may be 
arranged to detect an abnormality of any transmitter device, and 
inhibit obtaining the wheel-position-related data for the wheel 
provided with the abnormal transmitter device. The 
wheel-position-related data can be obtained for a non-installed 
wheel not installed on the vehicle body, even where the 
wheel-position-related data cannot be obtained for wheels 
installed on the vehicle body. Further, it is possible to inhibit 
obtaining the wheel-position-related data for any wheel, where 
the accuracy of reception of the tire information transmitted from 
the transmitter device corresponding to that wheel is not 
sufficiently high. 

The receiver device may include a filter for filtering 
the tire information received by the receiver antenna, an 
amplifier for amplifying the filtered tire information, an 
intermediate-frequency processor for effecting an 
intermediate-frequency processing of the amplified tire 
information, another filter for filtering the tire information 
processed by the intermediate-frequency processor, and a digital 
converting portion for comparing the thus filtered tire 
information with a threshold value to obtain digital tire 
information. 

If the amplifying gain of the amplifier is increased, 
the amplitude of the signal of the tire information applied to the 
digital converting portion is increased. If the direction of 
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orientation of the receiver antenna is adjusted to be coincident 
with the direction of transmission of the tire information from 
the transmitter device, the intensity of reception of the tire 
information by the receiver device is increased. If the reception 
intensity of the receiver device is increased, the tire information 
can be received by the receiver device even when the intensity of 
reception of r the tire information is relatively low. If the 
operation mode of the filter is changed, it is possible to remove a 
noise included in the received tire information. 

(19) A tire-state obtaining apparatus including a plurality 
of wheel-side devices respectively provided on a plurality of 
wheels of a vehicle, and a body-side device disposed on a body of 
the vehicle, the tire-state obtaining apparatus obtaining states of 
tires of the wheels on the basis of information transmitted from 
the wheel-side devices, characterized in that- 
each of the plurality of wheel-side devices includes (a) a 
tire-state detecting device operable to detect the state of the tire 
of the corresponding wheel, and (b) a transmitter device operable 
to transmit a series of tire information including tire-state data 
indicative of the state of the tire detected by the tire-state 
detecting device; and 

the body- side device includes (c) a receiver device to 
receive sets of the tire information transmitted from the 
respective transmitter devices, (d) a communication-environment 
detecting device operable to detect an environment of 
communication between the plurality of wheel-side devices and 
the body-side device, and (e) a wheel-position-related-data 
obtaining device operable to obtain wheel-position-related data 
relating to positions of the wheels, on the basis of the 
environment of communication detected by the 
communication- environment detecting device, and on the basis of 
conditions in which the receiver device receives the sets of tire 
information transmitted from the respective transmitter devices. 

In the tire -state obtaining apparatus according to 
the above mode (19), the wheel-position-related-data obtaining 
device obtains the wheel-position-related data on the basis of the 
condition of reception of the tire information by the receiver 
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device and the detected environment of communication between 
the wheel- side devices and the body-side device. The present 
apparatus provides an improvement in the accuracy of the 
obtained wheel-position-related data, over the prior art 

5 apparatus arranged to obtain the wheel-position-related data on 
the basis of only the condition of reception of the tire information. 

i In the present apparatus, the receiver device may 
include a plurality of receiver antennas disposed at respective 
positions on the vehicle body, which correspond to the respective 

10 wheels. It is also noted that the present apparatus may 
incorporate any one of the technical features of the above modes 
(1)-(18) which have been described. 

(20) A tire-state obtaining apparatus including a plurality 
of wheel-side devices respectively provided on a plurality of 

15 wheels of a vehicle, and a body-side device disposed on a body of 
the vehicle, the tire -state obtaining apparatus obtaining states of 
tires of the wheels on the basis of information transmitted from 
the wheel-side devices, characterized in that- 
each of the plurality of wheel- side devices includes (a) a 

20 tire-state detecting device operable to detect the state of the tire 
of the corresponding wheel, and (b) a transmitter device operable 
to transmit a series of tire information including tire-state data 
indicative of the state of the tire detected by the tire -state 
detecting device; and 

25 the body-side device includes (c) a receiver device to 

receive sets of the tire information transmitted from the 
respective transmitter devices, (d) a wheel-position-related-data 
obtaining device operable to obtain wheel-position-related data 
relating to positions of the wheels, on the basis of conditions in 

30 which the receiver device receives the sets of tire information 
transmitted from the respective transmitter devices, (e) a 
communication-environment detecting device operable to detect 
an environment of communication between the plurality of 
wheel-side devices and the body- side device, and (£) an 

35 operation- mod,e changing portion operable to change a mode of 
operation of the wheel-position-related-data obtaining device, on 
the basis of the environment of communication detected by the 
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communication- environment detecting device. 

In the tire -state obtaining apparatus according to 
the above mode (20), the wheel-position-related-data obtaining 
device obtains the wheel-position-related data, by taking account 
of the detected environment of communication between the 
wheel-side devices and the body-side device, as well as the 
condition of reception of the tire information" by the receiver 
device. The present apparatus also provides an improvement in 
the accuracy of the obtained wheel-position-related data, over the 
prior art apparatus arranged to obtain the wheel-position-related 
data on the basis of only the condition of reception of the tire 
information. 

The condition in which the tire information 
transmitted from the transmitter device is received by the 
receiver device is not necessarily held constant, even if the 
condition in which the tire information is transmitted from the 
transmitter device is held constant. Namely, the condition of 
reception of the tire information by the receiver device is 
influenced by the environment of communication between the 
wheel-side devices and the body-side device. The intensity 
and/or ratio of reception of the tire information by the receiver 
device may vary with a variation in the environment of 
communication. The environment of communication is 
considered to be good when the intensity and ratio of reception of 
the tire information by the receiver device are relatively high in a 
given condition of transmission of the tire information from the 
transmitter device. When the environment of communication is 
bad, a change of the operation mode of the 
wheel-position- related- data obtaining device or a change of the 
operating state of the receiver device makes it possible to enable 
the wheel-position-related-data obtaining device to obtain the 
wheel-position-related data, improve the accuracy of the obtained 
wheel-position-related data. 

In the present apparatus according to the above 
mode (20), too, the receiver device may include a plurality of 
receiver antennas disposed at respective positions on the vehicle 
body, which correspond to the respective wheels. It is also noted 
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that the present apparatus may incorporate any one of the 
technical features of the above modes (l)-(l9) which have been 
described. 

(21) A tire -state obtaining apparatus according to the 
above mode (19) or (20), wherein the 
communication- environment detectings device includes a 
vehicle- attitude detecting portion operable tocdetect an attitude 
of the vehicle, and an attitude -dependent 
communication-environment obtaining portion operable to obtain, 
as the environment of communication, a variation of an actual 
positional relationship between the receiver device and the 
transmitter devices from a nominal relationship therebetween, 
on the basis of the attitude of the vehicle detected by the 
vehicle- attitude detecting portion. 

The environment of communication between the receiver 
device and the transmitter devices changes depending upon the 
attitude of the vehicle. The positional relationship between the 
receiver device of the body-side device and the wheels when the 
vehicle has an inclined attitude is different from that when the 
vehicle has a horizontal attitude. Accordingly, the environment 
of communication between the receiver device and the 
transmitter devices changes with a change in the vehicle attitude. 
The vehicle attitude while the vehicle is stationary can be 
obtained on the basis of output signals of vehicle -height sensors 
for instance, and that while the vehicle is running can be 
estimated on the basis of the output signals of the vehicle-height 
sensors and/or the running condition of the vehicle. For 
example, it is possible to estimate that the vehicle has an almost 
horizontal attitude while the vehicle is running straight at an 
almost constant speed, and that the vehicle is inclined in its 
lateral direction while the vehicle is turning or cornering. It is 
also possible to estimate that the vehicle is inclined in its 
longitudinal direction while the vehicle is being braked 
(decelerated) or accelerated. The body of the vehicle being 
braked is inclined with its front portion being lowered toward the 
roadway surface, while the body of the vehicle being accelerated 
is inclined with its rear portion being lowered. The running 
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condition of the vehicle as indicated above can be detected by at 
least one of a vehicle-speed sensor, a front-wheel steering-angle 
sensor, a rear-wheel steering-angle sensor, a 
steering-wheel-angle sensor, a vertical-acceleration/deceleration 
sensor, a lateral-acceleration/deceleration sensor, a 
longitudinal-acceleration/deceleration sensor, a yaw-rate sensor, 
a braking-force detecting device, a driving-force detecting device, 
etc. The degree of inclination of the vehicle irrespective of the 
direction of the inclination can be obtained on the basis of the 
angle or state of turning and the degree of braking (deceleration) 
or acceleration of the vehicle. 

(22) A tire-state obtaining apparatus according to any one 
of the above modes (19)-(2l), wherein the 
communication- environment detecting device includes a 
vehicle-environment detecting portion operable to detect an 
environment of the vehicle. 

The condition of communication between the 
receiver device and the transmitter devices changes depending 
upon the environment in which the vehicle exits. The 
environment of the vehicle includes an environment of a space 
between the receiver device and each transmitter device, and 
presence or absence of any body or member which reflects or 
absorbs the tire information in the form of a radio wave. The 
state of the space between the receiver device and the 
transmitter device is influenced by the weather condition. For 
example, the intensity of reception of the tire information by the 
receiver device is lower in a rainy or snowy weather condition 
than in a fine weather condition. The rainy and snowy weather 
conditions can be estimated by the ambient temperature, 
humidity and barometer. The intensity of reception of the tire 
information is also influenced by the state of the roadway surface, 
which may be likely to absorb or reflect the radio wave 
representative of the tire information. When the vehicle is on 
an icy roadway surface which is highly likely to reflect the radio 
wave, the intensity of reception of the tire information by the 
receiver device is comparatively high. The vehicle is considered 
to be stationary or running on an icy roadway surface, when the 
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smoothness of the roadway surface is higher than a threshold 
value, and/or when the friction coefficient of the roadway surface 
is lower than a threshold value. . The intensity of reception of 
the tire information by the receiver device is also influenced by 
the ambient condition of the vehicle, such as a density of 
structures surrounding the vehicle, and a density of 
neighborhood vehicles (a degree of traffic jam), which influence 
the degree of reflection of electromagnetic waves. The ambient 
condition of the vehicle can be detected by a front radar or a rear 
radar, a ultrasonic-wave sensor, or a camera. The radar may 
employ a millimeter wave, an infrared radiation or any other 
form of light. The ambient condition may be obtained by 
manipulation of a suitable switch by the vehicle operator. 
Information on the traffic jam may be obtained by an 
inter-vehicle communication system (VICS), a broadcasting wave 
receiver, or a cellular or portable phone. 

(23) A tire- state obtaining apparatus according to any one 
of the above modes (l9)-(22), wherein the operation- mode 
changing device includes at least one o£ an amplifier-gain 
changing portion operable to change an amplifying gain of an 
amplifier included in the receiver device; an antenna adjusting 
portion operable to adjust at least one receiver antenna included 
the receiver device; a reception-sensitivity changing portion 
operable to change a reception sensitivity of the receiver device; a 
filtering- mode changing portion operable to change a mode of 
operation of a filter included in the receiver device; a threshold 
changing portion operable to change threshold values used to 
obtain the wheel-position-related data; a sampling-number 
changing portion operable to change a number of samples of the 
tire information to be received by the receiver device; a 
selected-wheel-data obtaining portion operable to obtain the 
wheel-position-related data for selected at least one of the 
wheels; and an inhibiting portion operable to inhibit the 
wheel-position-related-data obtaining device from obtaining the 
wheel-position-related data. 

In some environment of communication between the 
receiver device and the transmitter devices, the 
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wheel-position-related-data obtaining device may fail to obtain 
the wheel-position-related data in a satisfactory manner. In this 
case, the mode of operation of the wheel-position-related-data 
obtaining device is preferably changed as needed. A change of 
the mode of operation of the wheel-position- related- data 
obtaining ; ..device is interpreted to include a change from the 
normal * mode permitting the device = to obtain the 
wheel-position-related data, to a mode inhibiting the device from 
obtaining the wheel-position-related data. When the vehicle 
attitude has changed to a relatively large extent, when the 
frequency of change of the vehicle attitude is relatively high, or 
when the intensity of reception of the tire information by the 
receiver device is extremely lowered due to a bad environment of 
the vehicle, for example, the accuracy of the 
wheel-position-related data obtained by the 
wheel-position-related-data obtaining device is deteriorated, so 
that it is preferable not to obtain the wheel-position-related data. 

(24) A tire -state obtaining apparatus including a plurality 
of wheel-side devices respectively provided on a plurality of 
wheels of a vehicle, and a body- side device disposed on a body of 
the vehicle, the tire-state obtaining apparatus obtaining states of 
tires of the wheels on the basis of information transmitted from 
the wheel-side devices, characterized in that- 
each of the plurality of wheel-side devices includes (a) a 
tire-state detecting device operable to detect the state of the tire 
of the corresponding wheel, and (b) a transmitter device operable 
to transmit a series of tire information including tire -state data 
indicative of the state of the tire detected by the tire-state 
detecting device? and 

the body-side device includes (c) a receiver device to 
receive sets of the tire information transmitted from the 
respective transmitter devices, (d) a vehicle -running-condition 
detecting device operable to detect a running condition of the 
vehicle, and (e) a wheel-position-related-data obtaining device 
operable to obtain wheel-position-related data relating to 
positions of the wheels, on the basis of the running condition of 
the vehicle detected by the vehicle -running-condition detecting 
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device, and on the basis of at least one of the state of the tire 
detected by the tire -state detecting device and a change of the 
detected tire state. 

In the tire-state obtaining apparatus according to 
the above mode (24), the wheel-position-related-data obtaining 
device obtains the wheel-position-related data on the basis of the 
detected running condition of the vehicle; and- at least one of the 
detected state of the tire and a change of the detected state of the 
tire. The accuracy of the wheel-position-related data obtained in 
the present apparatus can be improved since the 
wheel-position-relate-data obtaining device uses not only the 
detected state of the tire and/or the change of the tire state but 
also the detected running condition of the vehicle. 

When the vehicle is turned during its forward 
running, the air pressure of the wheel tires located on the outer 
side of the turning path of the vehicle is higher than that of the 
wheel tires located on the inner side. When the vehicle is 
braked, the air pressure of the front wheel tires is higher than 
that of the rear wheel tires. When the vehicle is accelerated, the 
air pressure of the rear wheel tires is higher than that of the 
front wheel tires. On the basis of these facts, the 
wheel-position-related data relating to the positions of the wheels 
from which the sets of tire information have been transmitted 
can be obtained. 

While the vehicle is turning, the air pressure of the 
wheel tires on the outer side of the turning path of the vehicle is 
higher than while the vehicle is running straight, and that of the 
wheel tires on the inner side of the turning path is lower than 
while the vehicle is running straight. While the vehicle is being 
braked, the air pressure of the front wheel tires is higher than 
while the vehicle is running at a constant speed, and that of the 
rear wheel tires is lower than while the vehicle is running at the 
constant speed. On the basis of these facts, the 
wheel-position-related data can be obtained. 

In the present tire-state obtaining apparatus, the 
receiver device may include a plurality of receiver antennas 
disposed at respective positions on the vehicle body, which 
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correspond to the respective wheels. It is also noted that the 
present apparatus may incorporate any one of the technical 
features of the above modes (l)-(23) which have been described. 

(25) A tire-state obtaining apparatus according to the 
5 above mode (24), wherein the tire information further includes 

air-pressure data indicative of an air pressure of the tire, and the 
wheel-position-related-data obtaining-: device includes an 
air-pressure -dependent wheel-position-related-data obtaining 
portion operable to obtain the wheel-position-related data on the 
10 basis of at least one of the air pressure of the tire indicated by the 
air-pressure data and a change of the air pressure. 

(26) A tire-state obtaining apparatus according to the 
above mode (24) or (25), wherein the vehicle-running-condition 
detecting device includes at least one of an accelerating-state 

15 detecting portion operable to detect an accelerating state of the 

vehicle, and a turning- state detecting portion operable to detect a 

turning state of the vehicle. 

The accelerating state is interpreted to include a 

positive acceleration value indicative of a state of acceleration of 
20 the vehicle, and a negative acceleration value indicative of a state 

of deceleration of the vehicle. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a view schematically showing a vehicle 
25 equipped with a tire-state obtaining apparatus according to one 
embodiment of the present invention. 

Fig. 2 is a block diagram illustrating the 
above-indicated tire-state obtaining apparatus. 

Fig. 3 is a view schematically indicating tire 

30 information. 

Figs. 4A and 4B are views showing a receiver device 
included in the tire-state obtaining apparatus of Fig. 1. 

Fig. 5 is a block diagram of the above-indicated 
receiver device. 

35 Fig. 6 is a view schematically showing an indicator 

device included in the tire-state obtaining apparatus of Fig. 1. 

Fig. 7 is a flow chart illustrating a 
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wheel-position- data obtaining program stored in a first memory 
portion of the tire-state obtaining apparatus of Fig. 1. 

Fig. 8 is a flow chart illustrating a portion of the 
above -indicated wheel-position-data obtaining program. 

Fig. 9 is a flow chart illustrating an air-pressure 
detecting program stored in the above-indicated first memory 
portion.- ■ ••it - 

Fig. 10 is a view showing changes in reception 
intensity values of one of receiver antennas of the tire-state 
obtaining apparatus of Fig. 1. 

Fig. 11 is a view showing another example of 
changes, in the. reception intensity of the above-indicated receiver 
antenna. 

Fig. 12 is a view indicating a reception intensity 
data map stored in the first memory portion of a tire-state 
obtaining apparatus according to another embodiment of this 
invention. 

Fig. 13 is a flow chart illustrating a 
wheel-position-data obtaining program stored in the 
above -indicated first memory portion in the embodiment of Fig. 
12. 

Fig. 14 is a flow chart illustrating a portion of the 
wheel-position-data obtaining program of Fig. 13. 

Fig. 15 is a flow chart illustrating a 
wheel-position- data obtaining program stored in the first 
memory portion in a further embodiment of this invention. 

Fig. 16 is a flow chart illustrating a 
wheel-position- data obtaining program stored in the first 
memory portion in a still further embodiment of the invention. 

Fig. 17 is a view showing a receiver device included 
in a tire-state obtaining apparatus according to a yet further 
embodiment of this invention. 

Fig. 18 is a view showing a region in which the 
above-indicated receiver device of Fig. 17 can receive tire 
information. 

Fig. 19 is a view indicating a reception intensity data 
map stored in the first memory portion of the tire-state obtaining 
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apparatus of Fig. 17. 

Fig. 20 is a flow chart illustrating an 
antenna-rotating-mptor control program stored in the first 
memory portion in the embodiment of Fig. 17. 

Fig. 21 is a flow chart illustrating another 
antenna-rotating-motor control program stored in the first 
memdry portion in the embodiment of Fig. 17. 

Fig. 22 is a flow chart illustrating a reception-mode 
changing program stored in the first memory portion of a 
tire-state obtaining apparatus according to still another 
embodiment of this invention. 

Fig. 23 is a flow chart illustrating an 
environment-dependent threshold changing program stored in 
the first memory portion of a tire-state obtaining apparatus 
according to yet another embodiment of this invention. 

Fig. 24 is a flow chart illustrating an 
attitude-dependent threshold changing program stored in the 
first memory portion of a tire-state obtaining apparatus 
according to a further embodiment of this invention. 

Fig. 25 is a flow chart illustrating a 
wheel-position- data obtaining program stored in the first 
memory portion of a tire-state obtaining apparatus according to a 
still further embodiment of this invention. 

Fig. 26 is a view indicating positions at which a 
receiver device of a tire-state obtaining apparatus is disposed in 
further embodiments of this invention. 

Fig. 27 is a view indicating a reception intensity 
data map stored in the first memory portion of the tire-state 
obtaining apparatus of Fig. 26. 

Fig. 28 is a view indicating another reception 
intensity data map stored in the first memory portion of the 
apparatus of Fig. 26. 

Fig. 29 is a view indicating a further reception 
intensity data map stored in the first memory portion of the 
apparatus of Fig. 26. 

Fig. 30 is a view schematically showing one example 
of the receiver device of Fig. 26. 
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BEST MODE FOR CARRYING OUT THE INVENTION 

Some embodiments of the tire -state obtaining 
apparatus of this invention will be described in detail by 
reference to the drawings. 

As shown in Figs. 1 and 2, a body 8 of an automotive 
vehicle is provided with a front right wheel 10, a front left wheel 
12, a rear right wheel 14 and a rear left wheel 16. In a rear 
luggage compartment of the vehicle body 8, there is disposed a 
non-installed wheel 18. Each of the wheels 10-18 is tired, and is 
interpreted to include a metallic wheel body and a rubber tire, 
and the non-installed wheel 18 may be referred to as a spare 
wheel or tire. The wheels 10-18 are provided with respective 
wheel-side devices 20-28, and the vehicle body 8 is provided with 
a body-side device 30. 

All of the wheel-side devices 20-28 have the same 
construction. Only the wheel-side device 20 corresponding to 
the front right wheel 10 will be described, by way of example. 
The wheel-side device 20 includes a tire-state detecting device in 
the form of an air-pressure detecting device 34 operable to detect 
an air pressure of the tire of the wheel 10, a transmitter antenna 
36 arranged to transmit a series of tire information including 
air-pressure data indicative of the air pressure detected by the 
air-pressure detecting device 34, and a tire -information 
generating device 38 operable to generate the series of tire 
information. The tire-information generating device 38 includes 
a computer having an input-output portion connected to the 
air-pressure detecting device 34 and the transmitter antenna 36. 
The computer incorporates a memory 40 for storing identification 
data identifying the front right wheel 10. In the present 
embodiment, the tire -information generating device 38 and the 
transmitter antenna 36 constitute a major portion of a 
transmitter device 42. 

While the air-pressure detecting device 34 is usually 
attached to the metallic body of each wheel, the detecting device 
34 may be attached to the rubber tire of the wheel. Namely, the 
detecting device 34 may be embedded within the material of the 
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tire or disposed within the tire. 

The tire information, which is generally indicated at 
50 in Fig. 3, includes synchronization data 52, the 
above-indicated identification data 54, the above-indicated 

5 air-pressure data 56, and checking data 60. The 
synchronization data 52 are leading data, of the tire information 
50, and are provided for synchronization between the transmitter 
device 42 and a receiver device 70 which will be described. The 
identification data 54 are provided to identify each wheel 10-18. 

10 For example, the identification data 54 included in the tire 
information 50 transmitted from the transmitter device 42 of the 
wheel-side device 20 identify the front right wheel 10. The 
checking data 60 are used for effecting a parity check, etc. The 
tire information 50 may include other kinds of data indicative of 

15 the wheel- side device 30, such as an amount of an electric energy 
stored in a battery. The air-pressure data 56 of the tire 
information 50 serve as wheel-state information indicative of the 
state of the wheel. 

In the wheel- side device 20, the air-pressure 

20 detecting device 34 detects the air pressure of the tire of the front 
right wheel 10, and the tire-information generating device 38 
generates the tire information 50, on the basis of the detected air 
pressure and the identification data of the wheel 10 stored in the 
memory 40. The transmitter antenna 36 transmits the 

25 generated tire information. In the present embodiment, the 
transmitter antenna 36 transmits the tire information at a 
predetermined time interval. The transmitter antennas of the 
wheel-side devices 20-28 for the different wheels 10-18 have 
respective different time intervals, so that the body-side device 

30 30 will not concurrently receive two or more sets of the tire 
information from the different transmitter antennas, in principle. 
Even if the body- side device 30 concurrently receives two or more 
sets of the tire information by any chance, this concurrent 
reception will not take place again. 

35 The body-side device 30 includes the 

above-indicated receiver device 70 arranged to receive the 
respective sets of the tire information from the wheel-side devices 



WO 03/086787 



32 



PCT/JP03/03485 



20-28, an indicator device 72 operable to inform the vehicle 
operator or driver of the states of the wheel tires, and a 
wheel-position- data obtaining device 74. 

The receiver device 70 includes an antenna device 
76, and a reception processing device 78 operable to process the 
tire . information received by the antenna device 76. The receiver 
device 70 is disposed in an almost central part of a ceiling or roof 
of a driver-passenger (occupant) compartment of the vehicle. 
The antenna device 76 includes five receiver antennas 80, 82, 84, 
86 and 88 which are oriented in respective different directions, as 
shown in Fig. 4. The receiver antennas 80-86 are oriented such 
that the direction in which each receiver antenna has the highest 
directivity is parallel to the direction in which the tire 
information is transmitted from the transmitter device 42 of the 
corresponding wheel (front right wheel 10, front left wheel 12, 
rear right wheel 14, or rear left wheel 16), the front right wheel 
10 in the example of Fig. 2. The receiver antenna 88 
corresponding to the non-installed wheel 18 is oriented such that 
the direction in which this receiver antenna 88 has the highest 
directivity is parallel to the direction in which the tire 
information is transmitted from the transmitter device of the 
non-installed wheel 18. Where each receiver antenna takes the 
form of a rod, the direction of orientation of the receiver antenna 
is the direction of extension of the rod. 

As shown in Fig. 5, the reception processing device 
78 includes a filtering portion 110, an amplifier 112, an 
intermediate-frequency processing portion 114, another filtering 
portion 116 and a digital converter portion 118. The tire 
information received by the antenna device 76 is filtered by the 
filtering portion 110, and the thus filtered tire information is 
amplified by the amplifier 112. The amplified tire information is 
subjected to an intermediate-frequency processing, and the thus 
processed tire information is again filtered by the filtering 
portion 116. The filtered tire information is compared with a 
threshold value, and thereby converted into digital tire 
information, which is applied to the wheel-position-data 
obtaining device 74. 
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In the present embodiment, the receiver device 70 is 
disposed at one location within the driver-passenger 
compartment. The individual receiver antennas 80-88 are not 
disposed at respective local positions on the vehicle body 8, which 
are close to the respective wheels 10-18. That is, the receiver 
antennas 80-88 and the reception processing device 78 are all 
disposed close to each other on the almost central portion of the 
ceiling of the compartment. 

The antenna device 76 consists of the five receiver 
antennas 80-88, which may be considered to be an array or group 
of antennas. Each of the receiver antennas 80-88 may be a 
rod-type . antenna or a coil-type antenna, which has a suitable 
longitudinal dimension. Where the longitudinal dimension of 
the receiver antennas 80-88 is not so large, the antenna device 76 
consisting of the receiver antennas 80-88 may be accommodated 
within a single casing, and the antenna device 76 and the 
reception processing portion 78 may be accommodated within a 
single housing or casing. 

The wheel-position-data obtaining device 74 is 
principally constituted by a computer having an input-output 
portion to which there are connected the receiver device 70 
(reception processing device 78), a vehicle-attitude detecting 
device 130, a vehicle -environment detecting device 132, four 
wheel-speed detecting devices 134 and the above-indicated 
indicator device 72. The vehicle-attitude detecting device 130 is 
arranged to detect an attitude of the automotive vehicle, and the 
vehicle-environment detecting device 132 is arranged to detect an 
environment of the vehicle. The wheel-speed detecting devices 
134 are arranged to detect the rotating speeds of the respective 
wheels 10, 12, 14 and 16. 

The wheel- speed- data obtaining device 74 is 
arranged to check the tire of each wheel 10- 16 for an abnormal 
state thereof, on the basis of the tire information 50 received by 
the receiver device 70, and is further arranged to identify (to 
determine the position of) each wheel 10-18 whose tire 
information 50 has been received by the receiver device 70, on 
the basis of the condition of reception of the tire information 50 
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by the receiver device 70. Namely, the reception processing 
device 74 permits determination of the transmitter device from 
which the tire information 50 has been received, that is, to 
determine one of the front right wheel 10, front left wheel 12, 
rear right wheel 14, rear left wheel 16 and non-installed wheel 18, 
the.tire information 50 of which has been received by the receiver 
device ,70. 

The wheel-position-data obtaining device 70 
includes a first memory portion 140 and a second memory portion 
142. The first memory portion 140 stores a plurality of 
programs such as a wheel-position-data obtaining program 
illustrated in the flow chart of Fig. 7 and an air-pressure 
obtaining program illustrated in the flow chart of Fig. 9. 

The second memory portion 142 stores sets of 
identification data included in the tire information 50, and 
corresponding sets of position data indicative of the positions of 
the wheels whose sets of tire information 50 have been 
transmitted from their transmitter devices. The sets of 
identification data and the sets of position data are stored in the 
second memory portion 142, in relation to each other. For 
example, the second memory portion 142 stores a data map 144 
consisting of sets of identification data (ID1, ID 2,....) and sets of 

position data (FR, FR, ) which correspond to the respective 

sets of identification data, as shown in Fig. 2. 

If the sets of tire information 50 are concurrently 
transmitted from the respective wheel-side devices 20-26 of the 
four wheels 10-26, the receiver antenna 80 corresponding to the 
front right wheel 10, for example, has the highest intensity of 
reception of the tire information 50 from the wheel-side device 20 
of the front right wheel 10, as indicated in Fig. 10. In principle, 
however, the sets of tire information 50 are not concurrently 
transmitted but are transmitted at different times from the 
respective wheel-side devices 20-26, as described above, so that 
the receiver antenna having the highest intensity of reception 
changes with a lapse of time. Where the tire information 50 of 
the front right wheel 10 is first transmitted from the wheel-side 
device 20, and then the tire information 50 of the front left wheel 
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12 is transmitted from the wheel-side device 22, as indicated in 
Fig. 11, for example, the receiver antenna 80 initially has the 
highest intensity of reception of the tire information 50, and then 
the receiver antenna 82 has the highest intensity of reception 
after the intensity of reception by the receiver antenna 80 has 
been ..considerably lowered. It wilL . be understood that the 
position of the wheel from which the tire?information 50 has been 
transmitted can be determined on the basis of the receiver 
antenna which has the highest intensity of reception of the tire 
information 50. 

As shown in Fig. 6, the indicator device 72 includes 
a display 150, which is provided with five display portions 
152-160 corresponding to the respective wheels 10*18. The 
indicator device 72 is arranged to indicate the wheel or wheels 
whose air pressure of the tire is lower than a predetermined 
lower limit. 

In the present embodiment, the five receiver 
antennas 80-88 of the antenna device 76 are sequentially selected 
(sequentially made operable) to sequentially detect the reception 
intensity values of the received sets of tire information 50. The 
receiver antenna whose reception intensity is the highest is 
determined, and the wheel whose tire information 50 has been 
transmitted is determined on the basis of the determined 
receiver antenna having the highest reception intensity. The 
intensity of reception of the tire information 50 is represented by 
an output voltage of each receiver antenna 80-88, which is 
detected by a reception-intensity detecting portion 146 of the 
receiver device 70. 

The wheel-position- data obtaining program 
illustrated in the flow chart of Fig. 7 is executed with a 
predetermined cycle time. This program is initiated with step 
SI in which a reception processing operation is performed 
according to a reception processing program illustrated in the 
flow chart of Fig. 8 is performed. Namely, the output voltage of 
the presently selected receiver antenna is detected for a 
predetermined time, and the identification data included in the 
received tire information 50 are obtained. Then, the control flow 
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goes to step S2 to determine whether the reception intensity and 
the identification data of the tire information 50 have been 
detected or obtained. by all of the receiver antennas 80-88. If an 
affirmative decision (YES) is obtained in step S2, the control flow 
goes to step S3 to determine a largest one of average values of 
the reception intensity of the five receiver antennas 80-88, and 
determine the receiver antenna which has the largest average 
value of the reception intensity. Step S3 is followed by step S4 
in which wheel-position data indicative of the position of the 
wheel corresponding to the determined receiver antenna having 
the highest reception intensity are correlated with the 
identification data included in the tire information 50 received by 
that receiver antenna. 

Then, the control flow goes to step S5 to determine 
whether the wheel-position data and the identification data have 
been correlated for all of the wheels 10-18. If an affirmative 
decision (YES) is obtained in step S5, the control flow goes to step 
S6 to determine whether wheel-position data have already been 
stored with the corresponding identification data in the second 
memory portion 142. This determination in step S6 is effected 
for each wheel 10-18. If an affirmative decision (YES) is 
obtained in step S6, for a given one of the wheel, the control flow 
goes to step S7 to determine whether the identification data and 
wheel-position data already stored in the second memory portion 
142 are coincident with the presently obtained identification data 
and wheel-position data. If a negative decision (NO) is obtained 
in step S6 or S7, that is, if the identification data and the 
wheel-position data have not already been stored in the second 
memory portion 142, or if the stored identification data and 
wheel-position data are not coincident with the stored data, the 
control flow goes to step S8 in which the presently obtained 
wheel-position data are stored together with the corresponding 
identification data in the second memory portion 142, or the 
already stored wheel-position data are replaced by the presently 
obtained wheel-position data. The negative decision (NO) may 
be obtained in step S7 when the corresponding wheel 10, 12, 14 
or 16 has been replaced with the non-installed wheel 18, or 
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changed to another wheel for rotation of the wheels 10-16, for 
example. If an affirmative decision (YES) is obtained in step S7, 
that is, if the already stored identification data and 
wheel-position data are coincident with the presently obtained 
data, the identification data and the wheel-position data stored 
in the second memory portion 142 remain unchanged. 
?). The flow chart of Fi!g. 8 illustrates the 

above -indicated reception processing program executed in step SI. 
This reception processing program, which is initiated with step 
S21 in which the first receiver antenna (e.g., receiver antenna 80 
corresponding to the front right wheel 10) is selected, and a timer 
is started. Step S21 is followed by steps S22 and S23 to detect 
the reception intensity for the predetermined time. After the 
predetermined time has elapsed, that is, when an affirmative 
decision (YES) is obtained in step S23, the control flow goes to 
step S24 to read in the identification data included in the tire 
information 50 received by the selected first receiver antenna. 
Step S24 is followed by step S25 to select the second receiver 
antenna (e.g., receiver antenna 82) and start the timer. Step 
S25 is followed by step S26 to determine whether the fifth 
receiver antenna (e.g., receiver antenna 88) has been selected. 
Steps S22-S26 are repeatedly implemented until an affirmative 
decision (YES) is obtained in step S26. Thus, the intensity 
values of reception of the sets of tire information 50 received by 
the five receiver antennas 80-88 and the corresponding sets of 
identification data are obtained. 

The predetermined time during which the reception 
intensity is detected may be longer than a length of time required 
for each wheel to be rotated by one fall turn in an ordinary 
running state of the vehicle. However, the predetermined time 
may be shorter than the time indicated above. The time during 
which the wheel-position data are obtained for each wheel 
decreases with a decrease in the predetermined time set by the 
timer. For instance, the predetermined time may be determined 
such that all of the five receiver antennas 80-88 may be selected 
while the tire information 50 is being transmitted from the 
transmitter device 42 of one wheel-side device 20*28. 
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The predetermined time may be held constant or 
may change depending upon the wheel speed or the condition in 
which the wheel-position data are obtained. 

The wheel-position data obtaining program may be 
executed with the predetermined cycle time while an ignition 
switch of the vehicle is held in the on state. However, the 
execution of the wheel-position data obtaining program in the on 
state of the ignition switch may be terminated after the 
wheel-position data and the identification data have been 
correlated with each other for all of the wheels 10-18. 
Alternatively, the wheel-position data obtaining program may be 
executed until statistical processing of the wheel-position data 
has been completed on the basis of two or more combinations of 
the wheel-position data sets and the identification data sets 
which have been repeatedly obtained for each wheel. For 
instance, the combinations which are identical or similar to each 
other may be used as an effective combination of the 
wheel-position data and the identification data. The 
wheel-position data may be obtained even while the ignition 
switch is held in the off state. In other words, the 
wheel-position data may be obtained while the vehicle is running 
or stationary. However, the wheel-position data can be obtained 
with higher accuracy in the running state of the vehicle, since it 
is possible to detect the reception intensities of the tire 
information 50 with higher accuracy, and determine the 
relationship between the receiver devices and the transmitter 
devices, with higher accuracy, while the vehicle is running. 

The flow chart of Fig. 9 illustrates the air-pressure 
detecting program, which is initiated with step S51 to determine 
whether the tire information 50 has been received by any one of 
the receiver antennas 80-88. If an affirmative decision (YES) is 
obtained in step S51, the control flow goes to step S52 to read in 
the identification data, and step S53 to read in the air-pressure 
data also included in the received tire information 50. Then, the 
control flow goes to step S54 to determine whether the air 
pressure represented by the air-pressure data is lower than a 
predetermined threshold value. For example, the threshold 
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value is determined to be a lower limit of the tire air pressure 
below which the corresponding wheel is required to be replaced 
by the non-installed wheel 18. If an affirmative decision (YES) 
is obtained in step S54, the control flow goes to step S55 to 
determine the wheel or wheels whose tire air pressure is lower 
than the threshold value. This determination in step S55 is 
made on the basis of the identification data included in the 
received tire information 50, and the wheel-position data and the 
identification data stored in the second memory portion 142. 
Step S55 is followed by step S56 to activate the indicator device 
72 on the basis of a result of the determination in step S55. If 
the air pressure of the front right wheel 10 is lower than the 
threshold value, the display portion 152 of the display 150 
provides an indication that the air pressure of the wheel 10 is 
lower than the threshold value. 

The determination in the step S51 may be made by 
determining whether the intensity of reception of the tire 
information 50 by any receiver antenna 8- -88 is higher than the 
predetermined threshold. In this case, the step S52 and the 
following steps are implemented only when the intensity of 
reception of the tire information 50 is determined to be higher 
than the threshold. This arrangement to use only the tire 
information 50 having a sufficiently high reception intensity 
permits the wheel-position data to be obtained with higher 
accuracy. 

As described above, the present embodiment is 
arranged to determine or identify each wheel on the basis one of 
the receiver antennas 80-88 which has the highest intensity of 
reception of the tire information 50. If the air pressure of each 
wheel thus identified is lower than the predetermined threshold 
value, the vehicle operator or drive is informed of this wheel 
whose air pressure is lower than the threshold. It is also noted 
that the receiver antennas 80-88 are not located at respective 
location positions near the respective wheels 10-18, so that the 
required length of signal lines extending from the receiver 
antennas 80-88 can be shortened, leading to a reduced cost of 
manufacture of the tire -state obtaining apparatus. 
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In the present embodiment, a portion of the 
wheel-position-data obtaining device 74 assigned to implement 
step SI (steps S21 and S25) constitutes a receiver-antenna 
selecting device for sequentially selecting the receiver antennas 
80-88, while a portion of the wheel-position-data obtaining device 
74 assigned to execute the wheel-position- data obtaining 
program of Fig. 7 constitutes a selected-antenna-dependent 
wheel-position-related- data obtaining portion or device. 

While the embodiment described above is arranged 
to store the wheel-position data sets for all of the wheels in the 
second memory portion 142, after these data sets have been 
correlated with the corresponding identification data sets for all 
of the wheels, the wheel-position data set for each wheel may be 
stored together with the corresponding identification data set in 
the second memory portion 142, each time the wheel-position 
data set for each wheel has been correlated with the 
corresponding identification data set. In this case, the step S5 is 
eliminated, and the step S7 is not arranged to compare all of the 
obtained wheel-position data sets with the corresponding ones of 
the data map 144, but is arranged to compare only the 
identification data of the wheel whose wheel-position data has 
been obtained, with the corresponding data of the data map 144. 

The manner of obtaining the wheel-position data is 
not limited to that in the embodiment described above. For 
example, the intensity values of reception of the tire information 
50 by each of the five receiver antennas 80-88 are measured by 
experimentation, in relation to the positions of the wheels from 
which the tire information 50 is received. A data map 
representative of the thus obtained relationship between the 
intensity values and the wheel positions is stored in the first 
memory portion 140, so that the wheel-position data are obtained 
on the basis of the intensity values of reception represented by 
the data map, and the actual intensity value of reception of the 
tire information 50 by each receiver antenna. 

An example of such relationship used in a second 
embodiment of this invention is represented by a data map 170 
stored in the first memory portion 140, as indicated in Fig. 12. 
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This data map 170 represents a range of the intensity of 
reception of the tire information 50 by each of the receiver 
antennas 80-88, in relation to the five wheels 10-18. This range 
is represented by minimum and maximum intensity values. 

As shown in Fig. 10, the receiver antenna 80 
exhibits the highest intensity of reception of the tire information 
50 transmitted from the wheel-side device 20 of the front right 
wheel 10. The reception intensity values of the receiver antenna 
80 with respect to the other wheels 12-18 decrease in the order of 
the front left wheel 12, rear right wheel 14, rear left wheel 16 
and non-installed or spare wheel 18. The reception intensities 
of the other receiver antennas 82, 84, 86, 88 have tendencies 
similar to that of the receiver antenna 80. Namely, the 
reception intensities of each receiver antenna with respect to the 
different wheels 10-18 are determined by the relative position 
between each receiver antenna and each wheel. It is also noted 
that the intensity of reception of the tire information by each 
receiver antenna varies during rotation of each wheel, since the 
relative position between each receiver antenna and each wheel 
changes during the rotation of the wheel. However, the 
intensity of reception of the tire information 50 by each receiver 
antenna 80-88 when the tire information 50 is transmitted from 
each of the wheel-side devices 20-28 of the wheels 10-18 can be 
detected or measured by experimentation. 

The data map 170 may be modified to represent an 
average of the intensity of reception of the tire information 50 by 
each receiver antenna during one full rotation of each wheel 
10-16, rather than the range of the reception intensity value, or 
represent a reception ratio of the tire information 50. Usually, 
the reception ratio increases with an increase in the reception 
intensity value. Thus, the wheel-position data can be obtained 
on the basis of at least one of the reception ratio, the average 
value of the reception intensity during one rotation of each wheel, 
and the range of the reception intensity during one rotation of 
each wheel, of the receiver antennas 80-88 of the antenna device 
76. 

In the embodiments described above, one of the 
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receiver antennas which has the highest reception intensity is 
determined, and the wheel-position data indicative of this 
receiver antenna is correlated with the identification data 
included in the tire information 50 received by the 
above-indicated receiver antenna. However, it is possible to 
confirm that the tire information 50 received by the receiver 
antenna having the highest reception intensity is in fact the tire 
information 50 transmitted from the wheel corresponding to that 
receiver antenna. This confirmation is effected by obtaining the 
average or range of the intensity of reception of the tire 
information 50 by the receiver antenna having the highest 
reception intensity, or the reception ratio of that receiver antenna, 
and comparing the thus obtained average or range of the 
reception intensity or reception ratio with the values of the data 
map 170 (or modified data map). Only after this confirmation is 
obtained, the wheel-position data are correlated with the 
corresponding identification data. In this case, the step S4 of 
Fig. 7 is preceded by a step of comparing the obtained average or 
range of the reception intensity or reception ratio with the values 
of the data map, to confirm that the tire information 50 received 
by the receiver antenna having the highest reception intensity is 
in fact the tire information 50 transmitted from the wheel 
corresponding to that receiver antenna. 

The above-indicated modification to effect the 
confirmation by reference to the data map permits the 
wheel-position data to be obtained with higher accuracy. 

The wheel-position-related data may be obtained on 
the basis of the range of the intensity of reception of the tire 
information 50 by each receiver antenna for a predetermined 
time which is determined by the rotating speed of the 
corresponding wheel. More precisely described, the receiver 
antennas 80-88 whose reception intensity is detected are 
sequentially selected at a predetermined time interval, which is 
longer than the time required for one full rotation of the wheel, 
so that the reception intensity of each receiver antenna is 
detected for a time not shorter than the time required for one full 
rotation of the corresponding wheel. 
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The second embodiment using the data map 170 of 
Fig. 12 is arranged to execute a wheel-position- data obtaining 
program illustrated in the flow chart of Fig. 13. This program is 
initiated with step S71 in which a reception processing operation 

5 is performed according to a reception processing program 
illustrated in the flow chart of Fig. 14 is performed. Step S71 is 
followed by step S72 to determine whether the tire information 
50 has been received by all of the receiver antennas 80-88. If an 
affirmative decision (YES) is obtained in step S72, the control 

10 flow goes to step S73 to determine whether the detected reception 
intensities are coincident with the values of the data map 170. 
If an affirmative decision (YES) is obtained in step S73, the 
control flow goes to step S74 in which the wheel-position data are 
correlated with the corresponding identification data. 

15 For example, it is determined that the tire 

information 50 has been transmitted from the wheel-side device 
24 corresponding to the rear right wheel 14, if the detected 
reception intensities of the five receiver antennas 80, 82, 84, 86 
and 88 are held within respective ranges of C2-C3, C0-C1, C8-C9, 

20 C4-C 5 and C4-C5. 

The flow chart of Fig. 14 illustrates a reception 
processing program executed in step S71. This reception 
processing program, which is initiated with step S21 described 
above by reference to the flow chart of Fig. 8. Then, the control 

25 flow goes to step S102 to detect the wheel speed Vw, and step 
S103 to determine a detecting time to on the basis of the detected 
wheel speeds Vw. Step S103 is followed by steps S104 and S105 
to detect the reception intensity for the determined detecting 
time to. When the detecting time has elapsed, that is, when an 

30 affirmative decision (YES) is obtained in step S105, the control 
flow goes to steps S106 and S107 to obtain a distribution or 
change of the detected reception intensity during the detecting 
time, and obtain the identification data included in the received 
tire information. Then, the control flow goes to step S25 to 

35 select the next receiver antenna. As long as a negative decision 
(NO) is obtained in step S26, steps S102-S107, S25 and S26 are 
repeatedly implemented. 
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Thus, the five receiver antennas 80-88 are 
sequentially selected at the time interval determined by the 
detected wheel speed Vw, and the intensity of reception of the 
tire information 50 by the selected receiver antenna is detected. 
This arrangement permits higher accuracy of detection of the 
reception intensity, than where i the detecting time (the time 
interval indicated above) is held ^constant as in the embodiment 
of Fig. 8. 

The identification data and the wheel-position data 
may be correlated with each other each time the distribution of 
the reception intensity of each receiver antenna is obtained. 
The wheel-position data can be obtained, that is, the wheel from 
which the tire information 50 has been transmitted can be 
identified, by comparing the obtained distribution of the 
reception intensity with the values of the data map 170. In this 
case, the step S5 is eliminated, and the step S7 is arranged to 
compare only the identification data of the wheel whose 
wheel-position data has been obtained, with the corresponding 
data of the data map 170. 

The wheel from which the tire information 50 has 
been transmitted can be determined on the basis of the receiver 
antenna which has the highest average reception intensity. This 
arrangement also permits high accuracy of determination of the 
wheel from which the tire information has been transmitted. 

In the embodiment of Fig. 14, the wheel speed Vw is 
detected each time the receiver antenna is selected, so that the 
detecting time to changes with the presently detected or updated 
wheel speed Vw. However, the wheel speed Vw may be detected 
only when the first receiver antenna is selected. In this case, 
the control flow goes back to step S104, rather than to step S102, 
when the negative decision (NO) is obtained in step S26. 

The wheel speed Vw detected in step S102 may be 
an average of the detected speeds of all of the four wheels 10-16, 
or a speed obtained by processing the detected speed or speeds of 
at least one of the wheels 10-16 according to a predetermined 
rule. Alternatively, the step S102 may be formulated to detect 
the speed of the wheel corresponding to the presently selected 
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receiver antenna, so that the detecting time during which the 
reception intensity of the selected antenna is detected is 
determined by the speed of the wheel corresponding to the 
selected receiver antenna. Further, the wheel-position data 

5 obtaining program of Fig. 13 may be modified such that the step 
S71 and the following steps are implemented only while the 
vehicle is running. In this respect^ it is noted that the accuracy 
of detection of the reception intensity distribution is considerably 
lower while the vehicle is stationary. 

io It is possible to determine that the wheel 

corresponding to the receiver antenna whose reception intensity 
has the smallest amount of variation during one rotation of the 
wheel is the non-installed wheel 18. The intensity of reception 
of the tire information transmitted from the wheels 10-16 in a 

15 running state of the vehicle considerably varies during rotation of 
those wheels. On the other hand, the intensity of reception of 
the tire information transmitted from the non-installed wheel 18 
has a considerably small amount of variation in the running 
state of the vehicle, since the variation of the reception intensity 

20 in question is not caused by rotation of the non-installed wheel 
18 and is caused by only a vibration of the running vehicle. 
Therefore, the wheel corresponding to the receiver antenna 
whose reception intensity has the smallest amount of variation 
can be determined as the non-installed wheel 18. 

25 The flow chart of Fig: 15 illustrates a wheel-position 

data obtaining program executed in a further embodiment of this 
invention. This program is initiated with step S151 to 
determine whether the automotive vehicle is in a running state, 
more specifically, whether the wheel speed is higher than a 

30 predetermined threshold. In the present embodiment, the 
wheel-position data are generated or obtained while the wheels 
10-16 are being rotated. The threshold is determined to be a 
speed value above which the vehicle is not considered to be 
stationary. 

35 If an affirmative decision (YES) is obtained in step 

S151, the control flow goes to step S152 in which a reception 
processing operation is performed. Namely, an amount of 
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variation Ali of the reception intensity (maximum amplitude Ali 
of the reception intensity waveform) of the selected receiver 
antenna is obtained. This operation to obtain the amount of 
variation Ali is performed after step S106 of the flow chart of Fig. 

5 14. Then, the control flow goes to step S153 to determine 
whether the amounts of variation Ali of the reception intensity 
have been obtained for all of the receiver antennas 80-88. If an 
affirmative decision(YES) is obtained in step S153, the control 
flow goes to step S154 to determine a smallest one of the 

10 amounts of variation Ali of the reception intensity, and determine 
that the wheel corresponding to the receiver antenna having the 
smallest amount of variation Ali is the non-installed wheel 18. 

Thus, the wheel-position data for the non-installed 
wheel 18 are obtained depending upon the amounts of variation 

15 Ali of the reception intensity of the receiver antennas. 

The non-installed wheel 18 is disposed within the 
luggage compartment of the vehicle, so that the intensity of 
reception of the tire information 50 transmitted from the 
wheel-side device 28 corresponding to the non-installed wheel 18 

20 is lower than those of the tire information 50 transmitted from 
the wheel-side devices 20-26 corresponding to the other wheels 
10-16. In this respect, it is noted that a distance between the 
receiver device 70 and the non-installed wheel 18 is larger than 
those between the receiver device 70 and the other wheels 10-16. 

25 It is also noted that a shielding member functioning to shield an 
electromagnetic wave is usually interposed between the receiver 
device 70 and the non-installed wheel 18 (transmitter device 42 
of the wheel-side device 28). Accordingly, the intensity of 
reception of the tire information 50 transmitted from the 

30 non-installed wheel 18 is lower than those of the tire information 
50 transmitted from the other wheels 10-16. 

In view of the above fact or tendency, the 
non-installed wheel 18 from which the tire information 50 has 
been transmitted can be identified on the basis of the reception 

35 intensity values of the receiver antennas. For instance, average 
values of the reception intensity of the five receiver antennas 
80-88 are obtained for the predetermined detecting time,, and the 
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wheel corresponding to the receiver antenna having the smallest 
average value of the reception intensity is determined as the 
non-installed wheel 18. The average values may be replaced by 
values obtained by processing the detected reception intensity 
values according to a predetermined rule. 

Further, the wheel-position data and the 
identification data may be correlated with each other, on - the 
basis of the ratio of reception of the tire information 50. In this 
case, nominal reception ratio values are represented by a stored 
data map. 

The flow chart of Fig. 16 illustrates a 
wheel-position-data obtaining program . according to a still 
further embodiment of the present invention. This program is 
initiated with step S171 in which a reception processing 
operation is performed as described above. Then, the control 
flow goes to step S172 to determine whether the operations to 
receive the tire information 50 have been performed by all of the 
five receiver antennas 80-88 corresponding to the respective five 
wheels 10-18. If an affirmative decision (YES) is obtained in 
step S172, the control flow goes to step S173 to determine 
whether the operations to receive the tire information 50 by each 
receiver antenna have been performed a predetermined number 
of times. That is, step S173 is provided to determine whether a 
predetermined number of samples have been obtained by each 
receiver antenna. This number of samples is a sum of the 
number of reception operations in which the tire information 50 
(more precisely, at least the identification data included the tire 
information 50) has been actually received by the antenna in 
question, and the number of reception operations in which the 
tire information 50 (the identification data included therein) has 
not been actually received by the antenna. If an affirmative 
decision (YES) is obtained in step S173, the control flow goes to 
step S174 to calculate the ratio of reception of the tire 
information 50 by each receiver antenna. The reception ratio is 
calculated by dividing the number of reception operations in 
which the tire information 50 has been actually received, by the 
total number of samples. Step S174 is followed by step S175 to 
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compare the reception ratios of the receiver antennas with the 
nominal values of the stored data map. If the calculated 
reception ratio of the antenna in question is coincident with the 
data map value, the control flow goes to step SI 76 in which the 
identification data and the wheel-position data are correlated 
with each other. 

In the present embodiment, it is not essential : to 
detect the reception intensity in step S171. Namely, the 
reception ratio is calculated depending upon whether at least the 
identification data included in the tire information 50 has been 
received by the antenna or not. 

Referring next to Fig. 17, there will be described 
another embodiment of this invention, which employs a receiver 
device 200 including a single receiver antenna 202, and an 
electric motor 204 operable to rotate the receiver antenna 202. 
The electric motor 204 is controlled by a motor control device 206. 
However, the electric motor 204 may be controlled according to a 
control command received from the wheel-position-data obtaining 
device 74. In the present embodiment, the electric motor 204 
and the motor control device 206 constitute an antenna- moving 
device in the form of an antenna rotating device serving as an 
antenna- orientation adjusting device. In the other aspects, the 
present embodiment is identical in construction with the first 
embodiment of Fig. 2. 

The orientation of the receiver antenna 202 is 
changed by rotating the receiver antenna 202. That is, the 
relative position between the receiver antenna 202 and each 
wheel 10-18 can be changed by rotating the receiver antenna 202. 
Since the receiver antenna 202 is a rod- type antenna, the 
antenna 202 has the highest directivity in the direction of 
extension of its rod, which defines a reference line of the antenna 
202. 

In the present embodiment, the receiver antenna 
202 is rotated at a predetermined constant speed while the 
vehicle is stationary. While the vehicle is running, however, the 
rotating speed of the antenna 202 is changed with the rotating 
speed of the wheel, more precisely, is reduced with a decrease in 
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the wheel speed, so that the tire information 50 can be received 
by the receiver antenna 202 during one rotation of each wheel, 
irrespective of a change in the wheel speed. For instance, the 
receiver antenna 202 is rotated by the electric motor 204, at a 
suitably controlled speed, so that the receiver antenna 202 is 
oriented within an angular range which permits good reception of 
the tire information 50 from each wheel during one rotation of 
the wheel (e.g., wheel 12), as shown in Fig. 18 by way of example. 

The first memory portion 140 of the 
wheel-position- data obtaining portion 74 stores a data map 210 
indicated in Fig. 19, in place of the data map 144 indicated in Fig. 
2 or the data map 170 indicated in Fig. 12. The data map 210 
indicates a relationship between a range of the rotating or 
swinging angle of the receiver antenna 202 and a range of the 
reception intensity. Where the tire information 50 is 
transmitted from the front left wheel 12, for example, the 
intensity of reception of the tire information 50 by the receiver 
antenna 202 varies between values B0 and B9, as the receiver 
antenna 202 is swung. In this specific example, it is preferred 
that the wheel-position data (indicative of the front left wheel 12) 
and the identification data are correlated with each other, on the 
basis of the tire information received by the receiver antenna 202 
while the angle of rotation of the antenna 202 is held within a 
range of y8-y9 in which, the reception intensity is in the highest 
range of B8-B9. 

The flow chart of Fig. 20 illustrates an 
antenna-swing-motor control program for controlling the electric 
motor 204. This program is initiated with step S201 to 
determine whether the vehicle is stationary. This determination 
in step S201 is made on the basis of the vehicle running speed as 
estimated from the wheel speed. Namely, step S201 is provided 
to determine whether the vehicle running speed is lower than a 
predetermined threshold below which the vehicle is considered to 
be stationary. However, the vehicle running speed may be 
detected by a vehicle-speed detecting device, which is arranged to 
detect the vehicle running speed on the basis of the rotating 
speed of an output shaft of a vehicle drive device including a 
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drive power source such as an engine and/or an electric motor. 

If the vehicle is stationary, that is, if an affirmative 
decision (YES) is obtained in step S201, the control flow goes to 
step S202 in which the electric motor 204 is operated at a 

5 predetermined speed V0. If the vehicle is running, that is, if a 
negative decision (NO) is obtained in step S201, the control flow 
goes to step S203 to determine whether the detected wheel speed 
is higher than a predetermined threshold. If an affirmative 
decision (YES) is obtained in step S203, the control flow goes to 

10 step S204 in which the electric motor 204 is operated at a 
predetermined speed Va. If a negative decision (NO) is obtained 
in step S203, the control flow goes to step S205 in which the 
electric motor is operated at a predetermined speed Vb lower 
than the speed Va. In the present arrangement, the intensity of 

15 reception of the tire information 50 by the receiver antenna 202 
can be obtained with high stability, during one rotation of the 
wheel, even while the rotating speed of the wheel is relatively 
low. 

In the present embodiment, a portion of the motor 

20 control device 206 assigned to implement steps S203-S205 of the 
antenna-swing-motor control program of Fig. 20 constitutes an 
adjusting-state changing device or portion operable to change the 
state of an adjustment of the antenna orientation by the 
antenna-orientation adjusting device described above. 

25 In the embodiment of Fig. 20, the rotating speed of 

the receiver antenna 202 is changed in two steps during running 
of the vehicle. However, the rotating speed may be changed in 
three or more steps. Further alternatively, the rotating speed of 
the receiver antenna 202 may be changed with a change of the 

30 rotating speed of the wheel. In this case, the rotating speed of 
the receiver antenna 202 is continuously changed. 

The rotating speed of the receiver antenna 202 may 
be changed only when the wheel-position data cannot be obtained 
by reception of the tire information 50 while the receiver antenna 

35 202 is swung at a predetermined speed. A failure to obtain the 
wheel-position data usually takes place due to the rotating speed 
of the receiver antenna 202 which is excessively higher with 
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respect to the rotating speed of the wheel. In this respect, the 
rotating speed of the receiver antenna 202 may be reduced where 
the wheel from which the tire information 50 has been 
transmitted cannot be identified in the last control cycle. 

The flow chart of Fig. 21 illustrates an 
antenna-rotating-motor control program used in a further 
embodiment of this invention, in place of the program of Fig. 20. 
This program, which is executed with a predetermined cycle time, 
is initiated with step S221 to determine whether the 
wheel-position data and the identification data were correlated 
for all wheels in the last control cycle. If the affirmative 
decision (YES) was obtained in step S5, an affirmative decision 
(YES) is obtained in step S221, and the control flow goes to step 
S222 in which the electric motor 204 is operated at the 
predetermined normal speed Vo. If a negative decision (NO) is 
obtained in step S221, the control flow goes to step S223 in which 
the electric motor 204 is operated at a predetermined speed Vc 
lower than the speed Vo. 

In the present embodiment of Fig. 21, a portion of 
the motor control device 206 assigned to implement steps S221 
and S223 of the flow chart of Fig. 21 also constitutes the 
adjusting-state changing portion, which is a part of the 
antenna-orientation adjusting device. 

In the embodiment of Fig. 21, the rotating speed of 
the receiver antenna 202 is changed when the wheel-position 
data could not be obtained in the last control cycle. However, 
the wheel-state obtaining apparatus may be otherwise adjusted 
where the wheel-position data could not be obtained in the last 
control cycle. Namely, a failure to obtain the wheel-position 
data is not limited to inadequacy of the rotating speed of the 
receiver antenna 202 relative to the rotating speed of the wheel. 
For instance, it is possible to change at least one of the operating 
state of the receiver device 70, 200 and the rule for obtaining the 
wheel-position-related data. 

An example of this modification is shown in the flow 
chart of Fig. 22, which illustrates a program for changing a mode 
of obtaining the wheel-position-related data. This program, 
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which is executed with a predetermined cycle time, is initiated 
with step S251 to determine whether the wheel-position data and 
the identification data were correlated for all wheels in the last 
control cycle. If an affirmative decision (YES) is obtained in 
step S251, the mode of obtaining the wheel-position data is not 
changed. If a negative decision (NO) is obtained in step S251, 
the control flow goes to step S252 in which the mode of obtaining 
the wheel-position data is suitably changed. 

For example, the mode of a filtering operation of the 
filtering portion 110 of the receiver device 70, 200 is changed. In 
this case, the step S252 corresponds to a filtering-mode changing 
portion operable to change the mode of the filtering operation of 
the filtering portion 110. For instance, the cut-off frequency of 
the filtering portion 110 may be changed so as to reduce the noise. 
Alternatively, the step S252 is formulated to increase the 
reception sensitivity of the receiver device 70, 200 of the tire 
information 50. In this case, the step S252 corresponds to a 
reception-sensitivity changing portion operable to change the 
threshold of the intensity of reception of the tire information 50 
of the receiver device 70, 200. Namely, the output signal of each 
receiver antenna is not used when the output signal of the 
receiver antenna is lower than the predetermined threshold 
value. This threshold value of the output voltage of the receiver 
antenna is reduced in step S252, so that the output signal of the 
receiver antenna is used even when the output voltage is 
relatively low. Further alternatively, the step S252 is 
formulated to increase the amplifying gain of the amplifier 112, 
for increasing the amount of variation of the reception intensity. 
In this case, the step S252 corresponds to an amplifier-gain 
changing portion operable to change the amphfying gain of the 
amplifier 112. 

The step S252 may be formulated to increase the 
number of samples to be received to obtain the wheel-position 
data, for increasing the probability of reception of the tire 
information 50 to increase the apparent reception ratio. In this 
case, the step S252 corresponds to sampling-number changing 
device operable to change the number of the samples. Further, 
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the step S252 may be formulated to change the threshold values 
of the data map 170 or 210. If the threshold values are reduced, 
the wheel-position data can be obtained even where the reception 
intensity of the tire information 50 is relatively low due to any 
trouble in the communication between the transmitter device 42 
and the receiver device 70, 200. In this case, the step S252 
corresponds to a threshold changing portion operable to change 
the threshold values of the data map 170, 210. Alternatively, 
the step S252 is formulated such that where the wheel-position 
data cannot be obtained form some of the wheels, only the 
wheel-position data for the other wheels are obtained. For 
example, the intensity of reception of the tire information 50 may 
be extremely low for some of the wheels, where the transmitter 
devices 42 corresponding to those wheels have any abnormality, 
or where any electromagnetic-wave shielding member is 
interposed between those transmitter devices 42 and the receiver 
device 70. In this event, the wheel-position data for only the 
other wheels are obtained. In this case, the step S252 
corresponds to a selected-wheel-data obtaining portion. For 
instance, the wheel-position data for only the non-installed wheel 
18 are obtained where the wheel-position data for the other 
wheels 10-16 cannot be obtained for some reason or other. 
Further, the step S252 may be formulated to inhibit obtaining 
the wheel-position data for any wheels 10-18, under some 
conditions in which the obtained wheel-position data do not 
accurately reflect the actual states of the wheels or tires. In this 
case, the step S252 corresponds to an inhibiting portion operable 
to inhibit the wheel-position-data obtaining device 74 from 
obtaining the wheel-position data for any wheels 10-18. 

In the embodiment of Fig. 22, a portion of the 
wheel-position-data obtaining device 74 assigned to implement 
the step S252 constitutes an operation- mode changing device 
operable to change the mode in which the wheel-position data are 
obtained. 

The mode of obtaining the wheel-position data may 
be changed by changing at least one of the above-indicated 
parameters or operation particulars of the receiver device 70, 200, 
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such as the cut-off frequency of the filtering portion 110, the 
amplifying gain of the amplifier 112, the threshold of the output 
voltage of the receiver antenna, etc., where the identification 
data included in the tire information 50 are not obtained. All of 
those parameters or operation particulars may be changed. The 
parameters or operation particulars to be changed may be 
predetermined, or determined depending upon the specific 
condition in which the sets of tire information 50 are received by 
the receiver device 70, 200. In the former case, the order in 
which the parameters or operation particulars are changed may 
be suitably predetermined. 

Further, the mode in which the wheel-position data 
are obtained by the wheel-position- data obtaining device 74 may 
be changed depending upon the environment of communication 
between the transmitter device 42 and the receiver device 70, 200. 
The condition in which the receivGr device 70, 200 receives the 
tire information 50 may vary depending upon the environment of 
the tire -state obtaining apparatus, even where the tire 
information 50 is transmitted by the transmitter device 42 in the 
same condition. 

For example, the condition in which the receiver 
device 70, 200 receives the tire information 50 from the 
transmitter device 42 is influenced by the environment in the 
space between the transmitter device 42 and the receiver device 
70, 200, which environment is influenced by the weather 
condition. For instance, the intensity of reception of the tire 
information 50 by the receiver device 70, 200 is lower in a rainy 
or snowy weather condition than in a fine weather condition. 
The intensity of reception is also influenced by the degree of 
reflection or absorption of an electromagnetic wave by the surface 
of the roadway on which the vehicle is running or stopped. It is 
known that the roadway surface has a comparatively high degree 
of reflectivity when the surface is iced. 

For example, the rainy or snowy weather condition 
can be detected on the basis of the ambient temperature, 
humidity, atmospheric pressure, etc., while the roadway surface 
condition can be detected by a suitable detector, which may be 
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arranged to detect the roughness or smoothness of the roadway- 
surface on the basis of its reflectivity of the electromagnetic wave. 
Where the surface smoothness is higher than a predetermined 
threshold, it is determined that the roadway surface is in an icy 
state. The roadway surface condition may be detected on the 
basis of the slipping action of the vehicle wheels. , The 
vehicle-environment detecting device 132 indicated above may 
include at least one of a thermometer, a hygrometer 
(psychrometer), a barometer and a roadway- surface -condition 
detector. 

Where the vehicle environment (more precisely, the 
environment between the vehicle wheels and body) detected by 
the vehicle-environment detecting device 132 is determined to be 
relatively bad, that is, where the intensity of reception of the tire 
information 50 is determined to be relatively low due to bad 
vehicle environment, the lower limits of the ranges of the 
reception intensity of the data map 70, 210 are reduced with 
respect to the nominal values, so that the tire information 50 is 
used for obtaining the wheel-position data, even where the 
reception intensity is relatively low due to the bad environment 
between the transmitter device 42 and the receiver device 70, 
200. 

The flow chart of Fig. 23 illustrates an example of a 
program for changing the lower limits of the reception intensity 
of the data maps 170, 210 depending upon the detected vehicle 
environment. This program is initiated with step S261 to 
determine whether the detected vehicle environment 
(environment of communication between the transmitter and 
receiver devices) is acceptably good. If a negative decision (NO) 
is obtained in step S261, the control flow goes to step S262 to 
reduce the upper and lower limits of the ranges of the reception 
intensity of the data map 170, 210, by a predetermined amount 
with respect to the nominal values. If an affirmative decision 
(YES) is obtained in step S261, the control flow goes to step S263 
to hold the upper and lower limits at the nominal values. In 
step S261, a threshold value is used for determining whether the 
detected vehicle environment is acceptably good. This threshold 
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value is determined such that the vehicle environment is 
considered to be normal or acceptably good when the value 
indicative of the detected vehicle environment is higher than the 
threshold value. 

It will be understood that the vehicle-environment 
detecting device 132 and-a portion of the wheel-positionrdata 
obtaining device 74 assigned to implement steps S261 and S261 
of the flow chart of Fig. 23 cooperate to constitute a 
communication-environment detecting device operable to detect 
an environment of communication between the wheel-side 
devices 20-28 and the body-side device 30. 

The upper and lower limits of the data map 170, 210 
may be reduced by an amount which varies with the detected 
communication environment. The step S262 may be modified 
not to change the upper and lower limits of the reception 
intensity of the data map 170, 210, but to change the parameters 
or operation particulars of the receiver device 70, 200, such as 
the cut-off frequency of the filtering portion 110 and the number 
of samples, as described above with respect to the step S262 in 
the embodiment of Fig. 22. Further, the step S263 may be 
formulated so as to inhibit the wheel-position-data obtaining 
device 74 from obtaining the wheel-position data, if the detected 
communication environment (vehicle environment) is relatively 
bad. 

The environment of communication between the 
transmitter device 42 and the receiver device 70, 210 may also be 
influenced by the attitude or inclination of the vehicle. That is, 
the relative position between the transmitter device 42 and the 
receiver device 70, 200 changes with the angle of inclination of 
the vehicle body 8 relative to the horizontal plane. Accordingly, 
the intensity of reception of the tire information 50 by the 
receiver device 70, 200 may change with the angle of inclination 
of the vehicle body 8, even when the intensity of transmission of 
the tire information 50 from the transmitter device 42 is held 
constant. 

When the vehicle body 8 has an almost horizontal 
attitude while the vehicle is stationary, or when the vehicle body 
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8 can be considered to have an almost horizontal attitude while 
the vehicle is running straight at a substantially constant speed, 
for example, the upper and lower limits of the ranges of the 
reception intensity of the data map 170, 210 are held at the 
nominal values. When the vehicle body 8 is inclined relative to 
the horizontal plane while the vehicle is stationary, or when the 
vehicle body 8 can be considered to be inclined while the vehicle 
is turning, braked or accelerated, for example, the upper and 
lower hmits of the ranges of the reception intensity of the data 
map 170, 210 are increased or reduced depending upon the 
direction and angle of the inclination of the vehicle body 8. The 
upper and lower hmits are reduced when the distance between 
the transmitter device 42 and the receiver device 70, 200 is 
increased due to the inclination of the vehicle body 8, and are 
increased when the distance is reduced due to the inclination. 

The amount of change of the vehicle body attitude 
tends to be relatively large while the vehicle is running on a bad 
roadway surface, when the braking and acceleration of the 
vehicle are alternately repeated, or when the amount of change of 
the steering angle is relatively large. In these cases, it may be 
better not to obtain the wheel-position data. Where the 
transmitter device 42 is arranged to transmit the tire 
information 50 at a relatively high frequency, however, the 
intensity of reception of the tire information 50 at a varying 
angle of inclination of the vehicle body can be obtained with a 
relatively high degree of accuracy, permitting the 
wheel-position- data obtaining device 74 to obtain the 
wheel-position data with relatively high reliability. 

The attitude of the vehicle body 8 can be obtained on 
the basis of output signals of vehicle height sensors provided 
between the respective wheels 10-16 and the vehicle body 8. 
The vehicle body attitude may be estimated on the basis of the 
detected running condition of the vehicle. For example, a 
determination as to whether the vehicle is turning or not may be 
made on the basis of the steering angle of the vehicle as detected 
by a suitable steering- angle sensor, and a determination as to 
whether the vehicle is braked or accelerated may be made on the 
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basis of the detected or calculated braking force or driving force 
applied to the wheels 10-16 or the drive wheels. That is, the 
vehicle-attitude detecting device 130 may include at least one of 
a vehicle -height sensing device, a front-wheel steering- angle 
sensor, a rear-wheel steering- angle sensor, a 
steering-wheel-angle sensor, a yaw-rate sensor, . a 
lateral- acceleration/deceleration sensor, •. ; ain a 

longitudinal-acceleration/deceleration sensor, a braking-force 
detecting device and a driving-force detecting device. 

The flow chart of Fig. 24 illustrates a program for 
changing the upper and lower limits of the ranges of the 
reception intensity of the data map 170, 210. This program is 
initiated with step S281 to determine whether the vehicle body 8 
is excessively inclined, that is, whether the detected angle of 
inclination of the vehicle body 8 is larger than a predetermined 
threshold. If an affirmative decision (YES) is obtained in step 
S281, the control flow" goes to step S282 to increase change the 
upper and lower limits of the ranges of the reception intensity of 
the data map 170, 210, depending upon the direction of 
inclination of the vehicle body 8. If the vehicle body 8 has an 
almost horizontal attitude, that is, if a negative decision (NO) is 
obtained in step S281, the control flow goes to step S283 to hold 
the threshold values of the data map at the nominal values. It 
will be understood that a portion of the wheel-position-data 
obtaining device 74 assigned to implement steps S281 and S282 
constitutes an attitude-dependent communication- environment 
obtaining portion operable to obtain the environment of 
communication between the transmitter device 42 and the 
receiver device 70, 200, on the basis of the attitude of the vehicle 
body 8. This attitude-dependent communication-environment 
obtaining portion is considered to be a part of the 
communication- environment detecting device indicated above. 

It is not essential to change in step S282 the amount 
of change of the threshold values of the data map 170, 210 
depending upon the angle of inclination of the vehicle body 8, 
That is, the threshold values may be increased or reduced by a 
predetermined amount, depending upon the direction of 
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inclination of the vehicle body 8, when the angle of inclination is 
larger than the threshold value, namely, when the vehicle body 8 
is inclined by an excessively large angle and the threshold values 
of the data map 170, 210 must be changed. 

The receiver device 200 need not be arranged such 
that the receiver antenna 202 is swung in the normal operating 
state of the receiver device 200. For example, the receiver 
antenna 202 is normally held at a predetermined angular 
position which is determined by the relative position between the 
receiver antenna 202 and each of the wheels 10-18 and at which 
the tire information 60 can be received from the corresponding 
wheel-side device 20-28. Alternatively, the receiver device 200 
may be arranged to rotate the receiver antenna 202 by a 
predetermined angle for changing its orientation, only when the 
wheel-position data cannot be obtained on the basis of the tire 
information 50 received by the receiver antenna 202. That is, 
the antenna-moving device in the form of the 
antenna-orientation adjusting device is activated only when the 
wheel-position data could not be obtained. 

The wheel-position data can be obtained on the 
basis of the running condition of the vehicle and a change in the 
air pressure of the wheel tire. Namely, the tire air pressure of 
each wheel changes due to a shift of the vehicle load (a shift of 
the gravity center of the vehicle body) upon braking and/or 
turning of the vehicle. When the vehicle is braked, the tire air 
pressure of the front wheels 10, 12 is increased while that of the 
rear wheels 14, 16 is lowered. When the vehicle is turned 
during its forward running, the tire air pressure of the wheels 
located on the outer side of the turning path of the vehicle is 
increased while that of the wheels located on the inner side is 
lowered. The wheel from which the tire information 50 has been 
transmitted can be identified on the. basis of the vehicle running 
condition and the change in the tire air pressure of the wheels 
10-16. It is also possible to determine that the wheel whose tire 
air pressure has not changed upon turning and/or braking of the 
vehicle is the non-installed wheel 18. 

The running condition of the vehicle can be detected 
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by a vehicle-running-condition detecting device. In the 
illustrated embodiments, the vehicle -attitude detecting device 
130 also serves as the vehicle-running-condition detecting device. 
When the vehicle is turning, the direction of the turning (steering 
direction of the vehicle) is also detected, to determine the wheels 
located on the outer , side of the turning path and the wheels 
located on the inner side. ^ 

The flow chart of Fig. 25 illustrates a program for 
obtaining the wheel-position data on the basis of the vehicle 
running condition and the changes in the tire air pressures of the 
wheels 10-18. The program is initiated with step S301 to obtain 
the air pressure data 56 included in the tire information 50 
received from each of the wheel-side devices 20-28. Step S301 is 
followed by step S302 to determine whether the identification 
data and the wheel-position data have already been stored in the 
second memory portion 142. If an affirmative decision (YES) is 
obtained in step S302, one cycle of execution of the program is 
terminated. If a negative decision (NO) is obtained in step S302, 
the control flow goes to step S303 to determine whether the 
vehicle is turning during its forward running. If an affirmative 
decision (YES) is obtained in step S303, the control flow goes to 
step S304 to determine that the wheels whose tire air pressures 
have been increased are the wheels located on the outer side of 
the turning path of the vehicle while the wheels whose tire air 
pressures have been lowered are the wheels located on the inner 
side of the turning path. Then, the control flow goes to step 
S305 to determine whether the vehicle is braked. If an 
affirmative decision (YES) is obtained in step S3 05, the control 
flow goes to step S306 to determine that the wheels whose tire 
air pressures have been increased are the front wheels 10, 12 
while the wheel whose tire air pressures have been lowered are 
the rear wheels 14, 16. 

Step S306 is followed by step S307 to determine the 
positions of the wheels from which the tire information 50 has 
been transmitted, on the basis of the results of the 
determinations made in steps S304 and S306. Namely, the 
wheel whose tire air pressure has been increased during both the 
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turning and the braking of the vehicle is determined as the front 
wheel located on the outer side of the vehicle turning path, while 
the wheel whose tire air pressure has been lowered during both 
the turning and the braking of the vehicle is determined as the 
rear wheel located on the inner side of the vehicle turning path. 
Further, the wheel whose tire air pressure has been increased 
during the vehicle' turning and lowered during the vehicle 
braking is determined as the rear wheel located on the outer side 
of the vehicle turning path, while the wheel whose tire air 
pressure has been increased during the vehicle braking and 
lowered during the vehicle turning is determined as the front 
wheel located on the inner side of the turning path. Further, the 
wheel other than the above-indicated four wheels, that is, the 
wheel whose tire air pressure remains unchanged during both 
the vehicle running and the vehicle braking is determined as the 
non-installed wheel 18. 

It is also noted that a fact that the tire air pressure 
of the rear wheels 14, 16 is increased during acceleration of the 
vehicle can be utilized to obtain the wheel-position data. 

Where the vehicle is not provided with the 
non-installed wheel 18, the wheel-position data can be obtained 
on the basis of the tire air pressures of the wheels and the vehicle 
running condition. 

Namely, the wheel whose tire air pressure is 
comparatively low during both the turning and the braking of the 
vehicle is the rear wheel located on the inner side of the vehicle 
turning path, while the wheel whose tire air pressure is 
comparatively high during both the turning and the braking of 
the vehicle is the front wheel located on the outer side of the 
vehicle turning path. The wheel whose tire air pressure is 
comparatively high during the vehicle turning and comparatively 
low during the vehicle braking is the rear wheel located on the 
outer side of the vehicle turning path, while the wheel whose tire 
air pressure is comparatively low during the vehicle turning and 
comparatively high during the vehicle braking is the front wheel 
located on the inner side of the vehicle turning path. 

Where the vehicle is provided with the non-installed 



WO 03/086787 



62 



PCT/JP03/03485 



wheel 18, this wheel can be identified on the basis of a fact that 
the wheels whose tire air pressures are comparatively high 
during acceleration of the vehicle are the rear wheels. 

It is also possible to inhibit the wheel-position-data 
obtaining device 74 from obtaining the wheel-position data when 
it is determined that the vehicle is running on a bad ( roadway 
surface. In this respect,, it is noted that the amount and speed of 
a vertical vibrational movement of the vehicle body 8 are 
relatively large and high during running of the vehicle on the bad 
roadway surface, so that the tire air pressures of the wheels 
10-16 are greatly influenced by the vertical vibrational 
movement of the vehicle body 8. A running of the vehicle on a 
bad roadway surface can be detected on the basis of the rate, 
amount and frequency of change of the wheel speeds. 

The receiver devices 70, 200 may be disposed on 
either the ceiling or the floor of the vehicle body 8. While the 
receiver devices 70, 200 are located at an almost central portion 
of the ceiling of the vehicle body 8 in the illustrated embodiments, 
the receiver devices 70, 200 may be offset from the central 
portion of the ceiling. In the illustrated embodiments, the 
receiver device 70 includes the five receiver antennas 80*88, or 
the receiver device 200 includes the single rotatable receiver 
antenna 202 having a relatively high degree of directivity, so that 
these receiver devices 70, 200 may be located at a central portion 
of the vehicle body 8. Where the receiver device includes a 
receiver antenna or antennas having a relatively low degree of 
directivity, such as a planar antenna or antennas, or where the 
receiver device includes a non-rotatable receiver antenna or 
antennas having a relatively high degree of directivity, the 
receiver device is located at a position offset from a center 
position G of the vehicle body 8, which is spaced from the four 
wheels 10-16 by the same distance and which is a point of 
intersection between a longitudinally extending widthwise 
centerline L of the vehicle body 8 and a laterally extending 
lengthwise centerline M of the vehicle body 8, as shown in Fig. 26. 
With the receiver device thus located on the vehicle body 8, the 
conditions in which the receiver device receives the sets of tire 
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information 60 transmitted from the respective wheel-side 
devices 20-26 for the wheels 10-16 are not identical with each 
other, even where the receiver antenna does not have a high 
degree of directivity. On the basis of the different conditions of 
reception of the tire information 50, the wheels from which the 
tire information 50 has been transmitted can be identified. 

Where the receiver device includes a receiver 
antenna 250 located at a position PI which lies on the 
longitudinally extending centerline L and which is spaced from 
the center position G, as indicated in Fig. 26, the receiver device 
can obtain information which permits distinction between the 
front wheels 10, 12 and the rear wheels 14, 16. Where the 
receiver device includes a receiver antenna 252 located at a 
position P2 which lies on the laterally extending centerline M 
and which is spaced from the center position G, as also indicated 
in Fig. 26, the receiver device can obtain information which 
permits distinction between the right wheels 10, 14 and the left 
wheels 12, 16. Where the receiver device includes a receiver 
antenna 254 located at a position P3 spaced from the centerlines 
L and M, as also indicated in Fig. 26, the receiver device can 
obtain information which permits distinction of the four wheels 
10-16 from each other. The accuracy of the distinction in this 
case is increased with an increase in the distances of the position 
P3 from the centerlines L, M. 

Where the receiver device includes two or more 
antennas, these antennas may include the antennas 250 and 252 
located at the respective positions PI and P2. The four wheels 
from which the respective sets of tire information 50 have been 
transmitted can be identified on the basis of the outputs of these 
two antennas 250, 252. Alternatively, the receiver device 
includes two or more antennas located at respective positions 
other than the positions PI and P2. 

For example, the first memory portion 140 of the 
receiver device may store at least one of data maps indicated in 
Figs. 27-29. While the intensity of reception of the tire 
information 50 by each receiver antenna 250, 252, 254 changes 
with the distance between the receiver antenna and each wheel 
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10-16, an electromagnetic-wave shielding member if interposed 
between the receiver antenna and any wheel would increase an 
apparent distance between the receiver antenna and the wheel in 
question. In any case, the reception intensity of the receiver 
antennas 250, 252, 254 are obtained by experimentation, for the 
individual wheels 10-16. 

Where the receiver antenna 250 is located at the 
position PI as indicated in Fig. 26, the intensity of reception of 
the tire information 50 by the receiver antenna 250 from the 
front wheels 10, 12 is higher than that of the tire information 50 
from the rear wheels 14, 16, as indicated in the data map of Fig. 
27. However, the receiver antenna 250 has substantially the 
same intensity of reception of the tire information 50 from the 
front right wheel 10 and the front left wheel 12, and 
substantially the same intensity of reception of the tire 
information 50 from the rear right wheel 14 and the rear left 
wheel 16. 

Where the receiver antenna 252 is located at the 
position P2 as also indicated in Fig. 26, the intensity of reception 
of the tire information 50 by the receiver antenna 252 from the 
right wheels is higher than that of the tire information 50 from 
the left wheels 12, 16, as indicated in the data map of Fig. 28. 
Where the receiver antenna 254 is located at the position P3 as 
also indicated in Fig. 26, the intensity values of reception of the 
tire information 50 by the receiver antenna 254 from the 
respective front left wheel 12, front right wheel 10, rear left 
wheel 16 and rear right wheel 14 decrease in the order of 
description, as indicated in the data map of Fig. 29. 

Where the receiver device of the body-side device 30 
includes a plurality of receiver antennas for detecting the states 
of the wheel tires, at least one of these antennas may be provided 
by antennas provided for other purposes, such as a vehicle 
navigator antenna, a broadcasting reception antenna, a cruising 
control antenna (for detecting a vehicle in front of the vehicle in 
question), and a roadway-surface-condition detecting antenna. 
In this case, the number of the tire-state detecting antennas can 
be reduced, leading to a reduced cost of manufacture of the 
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tire-state obtaining apparatus. 

For instance, the receiver device may include the 
receiver antennas 250 and 252 which are connected to a 
tire -information processing portion serving as the reception 
processing device 78, as shown in Fig. 30. In this case, the 
receiver antenna .252 is connected to a cruising . control 
information processing portion 260, which is provided for a 
cruising control of the vehicle. Namely, the antenna 252 is used 
commonly for the cruising control of the vehicle and the detection 
of the states of the wheel tires. 

It will be understood that the present invention may 
be embodied with various other changes, modifications and 
improvements, such as those described in the DISCLOSURE OF 
THE INVENTION, which may occur to those skilled in the art. 
For instance, the data maps 170, 210 which are indicated in Figs. 
12 and 19 by way of example may be modified as needed. 



